3GPP TSG-RAN2 Meeting #85bis
 R2-141758
Valencia, Spain, 31st March - 4th April 2014

Agenda item:
5.1.2
Source: 
Intel Corporation
Title: 
Introduction of WLAN/3GPP radio interworking functionality into specifications for LTE and UMTS
Document for:
Discussion and Decision
1. Introduction
This document proposes to introduce WLAN/3GPP radio interworking functionality into LTE and UMTS stage-2 and stage-3 specifications. We propose to capture these agreements for LTE in “running CRs” for TS 36.300 in [2] and TS 25.300 in [3]. We also identify open issues that require further discussion and agreement for completion of the stage-2/3 specification. 
2. Discussion
Capturing current stage-2 agreements
Initial description of stage-2 procedures for LTE and UMTS were agreed in RAN#85 meeting and captured in the LS [1].

Proposal 1: to capture the description of stage-2 procedures for LTE in the “running CR” [2].

Similar agreements apply for UMTS, however a few open issues related to UMTS CELL_FACH, CELL_PCH and URA_PCH states were not agreed yet, as indicated by corresponding FFS notes as per:

“

A UE in RRC CONNECTED in LTE or CELL DCH (or CELL_FACH: FFS) in UMTS shall apply dedicated thresholds if such has been received; otherwise the UE shall apply broadcasted thresholds.
The UE shall keep and apply dedicated thresholds when in IDLE mode, (CELL_PCH or URA_PCH: FFS) until a time T has passed since the UE entered IDLE mode, (CELL_PCH or URA_PCH: FFS) upon which the UE shall apply the broadcasted thresholds.

“

RAN parameters sent via dedicated signalling could be received by the UE in either CELL_DCH or CELL_FACH state, and it makes sense that the UE should apply the received parameters irrespective of whether it is currently in CELL_DCH or CELL_FACH. Additionally, from the UTRAN's perspective, there is nothing that would prevent  UTRAN from initiating the sending of dedicated parameters while the UE is in CELL_PCH and URA_PCH state, and it makes sense for the UE to continue to apply the parameters if it is returned to CELL_PCH or URA_PCH. Hence, we propose to agree that a UE in CELL_FACH, CELL_PCH and URA_PCH states apply dedicated and broadcast thresholds in the same way as a UE in RRC_CONNECTED for LTE. We further propose to agree that a UE in Idle mode  apply dedicated and broadcast thresholds in the same way as a UE in RRC_CONNECTED for LTE. In summary, with these proposals a UMTS UE will apply any received dedicated parameters for as long as it is in connected mode, and then continue to apply those parameters for a set time after transitioning to idle mode; the behaviour is very closely aligned to the LTE behaviour.

Proposal 2: to agree that a UMTS UE in CELL_FACH, CELL_PCH, URA_PCH states applies dedicated and broadcast thresholds in the same way as a UE in RRC_CONNECTED mode for LTE and that a UMTS UE in idle mode  applies dedicated and broadcast thresholds in the same way as a UE in RRC_CONNECTED mode for LTE.
One aspect that warrants further discussion is whether a UE in CELL_DCH state that has not received any dedicated parameters should be expected to receive parameters from broadcast system information. Currently a UMTS FDD UE in CELL_DCH state does not receive any system information. Two approaches to addressing this problem may be possible:

1. Introduce a new requirements that UMTS UEs must be able to acquire the system information blocks containing the WLAN assistance parameters in CELL_DCH state. Discussion with RAN1 may be required before this approach could be agreed.
2. Require that a UMTS UE continue to apply the latest received WLAN assistance parameters when in CELL_DCH state, but not require the UE to obtain new system information as the UE moves or when the RAN changes the parameter settings. With this approach we should accept that the UE may not always be applying the most appropriate set of parameters (e.g. if the parameters are updated to reflect a change in the load conditions), although the RAN always has the choice to provide parameters to the UE via dedicated signaling.
Proposal 3: to discuss which approach is preferable for UE in CELL_DCH state.

We further propose to capture the description of stage-2 procedures for UMTS in a “running CR” [3].

Proposal 4: to capture the description of stage-2 procedures for UMTS in a “running CR” [3].

Other remaining stage-2/3 issues

The LS [1] contains some agreements related to the definition of the RAN rules. However, a number of open questions remain, which we propose to discuss and resolve below. We also provide some simulation results in Appendix A to show the impact of using different parameters/thresholds in the RAN rules.
WLAN channel utilization and available WLAN DL and UL backhaul data rate thresholds.
According to the agreements in the LS [1] parameters WLAN channel utilization as well as available WLAN DL and UL backhaul data rate should be used either 1-way for traffic steering from 3GPP to WLAN or with hysteresis. We believe that it is beneficial to take these parameters into account for decisions on traffic steering from WLAN to 3GPP as well. One scenario in which this may be important is when the UE uses WLAN and WLAN channel utilization or backhaul load increase dramatically. If RAN rules do not take these parameters into account, the UE would continue to use WLAN, even though it may not be able to provide adequate throughput. Simulation results for using WLAN channel utilization threshold for traffic steering to/from WLAN are shown in Appendix A. Therefore, we propose to use channel utilization and available WLAN DL and UL backhaul data rate parameters for traffic routing to and from WLAN. 

Proposal 5: to use channel utilization and available WLAN DL and UL backhaul data rate parameters for traffic routing both to and from WLAN.
We further propose to implement the second alternative mentioned in the LS [1], i.e. hysteresis to prevent ping-pong events. Specifically, we propose to define low and high thresholds for channel utilization and available WLAN DL and UL backhaul data rate parameters. 

Note: ANDSF and HS2.0 specifications have only high threshold for channel utilization (MaximumBSSLoadValue) and only low threshold for available WLAN DL and UL backhaul data rate (MinBackhaulThreshold). These specifications expect that that ping-pong should be avoided by UE implementation. Therefore, when the UE is provisioned with ANDSF, only high channel utilization threshold and only low available WLAN DL and UL backhaul data rate thresholds will be used, which could potentially lead to ping-pong or UE dependent behaviour.
Proposal 6: to define low and high thresholds for channel utilization and available WLAN DL and UL backhaul data rate parameters.

Timing & Randomization 
The question of RAN rules evaluation timing has not been sufficiently discussed. Because WLAN baseband cannot be fully controlled by 3GPP, we propose to leave for UE implementation the exact timing of RAN rules evaluation. While the exact timing of RAN rules evaluation may be left to UE implementation, it is also important to avoid simultaneous mass switching by UEs after a particular RAN threshold is updated. It is FFS whether this randomization is left to UE implementation or a specific randomization mechanism is specified in RAN rules. 
It is also important to define the time interval during which RAN rules shall be evaluated. Therefore, we propose to introduce TreselectionWLAN parameter that shall be signalled by RAN via RRC and used for RAN rules evaluation. TreselectionWLAN shall be used for both traffic routing to and from WLAN.
Current WLAN-3GPP mobility procedures involve signaling to the EPC and can take long to complete, in addition to incurring signaling overhead.  Therefore, it is desirable to introduce a wait time (in a similar fashion as for cell reselection)  after the UE switches from 3GPP to WLAN or vice versa, which will disallow the UE from switching back to the previously selected RAT for a certain period of time, which should be some multiple of the time taken to complete an inter-RAT mobility procedure.  

Proposal 7: timing of RAN rules evaluation and mobility decisions is left for UE implementation. RAN2 should further discussion if randomization procedure should be defined to avoid mass switching of UEs from one RAT to another. 
Proposal 8: to introduce TreselectionWLAN parameter that shall be signalled by RAN via RRC and used for RAN rules evaluation.
Proposal 9: to introduce a wait time in a similar fashion as cell reselection to prevent a UE from switching between 3GPP and WLAN too frequently. 
WLAN RF parameters
The issue of WLAN signal quality parameters (RSSI, RCPI or RSNI) has been extensively discussed by RAN2, however no consensus was reached yet. We note that if no such parameters are used by the RAN rules, the UE will evaluate whether the WLAN network is suitable in an implementation specific manner. However, in this case the RAN rules cannot use a “shall” statement, as they do not include all the conditions that the UE would use when making traffic steering decisions between 3GPP and WLAN networks. In Appendix A, we provide simulation results comparing the case of with and without using WLAN RSNI in the traffic steering rule. Our results show that using WLAN RSNI improves the user throughput in particular cell edge (5-percentile) user throughput
Observation 1: if WLAN RF parameters are not used by the RAN rules, the RAN rules cannot use a “shall” statement. Using WLAN RF parameters in RAN rules improve the user throughput performance.
The alternative would be to include UE implementation specific condition in the RAN rules or to use a “should” statement.

Proposal 10: it is proposed to discuss whether to include WLAN RF parameters in the RAN rules.
RAN Rules 

If the proposals above are agreed, the RAN assistance parameters may be provided in a new SystemInformationBlockType17  and the RAN rules can be defined as follows :

“

If any of the following parameters are provided in SystemInformationBlockType17 or have been aqcuired by the UE via dedicated RRC signalling:  ThreshServing, LowP, WLAN , ThreshServing, HighP, WLAN , ThreshServing, LowQ, WLAN , ThreshServing, HighQ, WLAN , ThreshBssload, High , Threshbackhaul,dl,bandwidth, Low , Threshbackhaul,ul,bandwidth, Low , Threshbackhaul,dl,bandwidth, Low , Threshbackhaul,ul,bandwidth, Low the UE shall steer all traffic associated with EPS Bearers  indicated as offloadable to WLAN if:

-
Srxlev < ThreshServing, LowP, WLAN during a time interval TreselectionWLAN; or 
-
Squal < ThreshServing, LowQ, WLAN during a time interval TreselectionWLAN; and
-
Wchannelutilization < ThreshChannelutilization, Lowduring a time interval TreselectionWLAN; and
-
Wbackhauldlbandwidth > Threshbackhaul,dl,bandwidth, High during a time interval TreselectionWLAN; and

-
Wbackhaululbandwidth > Threshbackhaul,ul,bandwidth, HighLow during a time interval TreselectionWLAN; and 
· A predefined duration has passed since the UE has steered the traffic from WLAN to E-UTRAN
The UE shall steer all traffic associated with EPS Bearers to E-UTRAN if:

-
Srxlev > ThreshServing, HighP, WLAN during a time interval TreselectionWLAN; and 
-
Squal > ThreshServing, HighQ, WLAN during a time interval TreselectionWLAN; and
-
Wbssload > ThreshChannelutilizationHigh during a time interval TreselectionWLAN; or
-
Wbackhauldlbandwidth < Threshbackhaul,dl,bandwidth, Lowduring a time interval TreselectionWLAN; or
-
Wbackhaululbandwidth < Threshbackhaul,ul,bandwidth, Low during a time interval TreselectionWLAN; and 
· A predefined duration has passed since the UE has steered the traffic from from E-UTRAN to WLAN

If some of the above parameters have not been not provided in SystemInformationBlockType17 and have not been provided via dedicated RRC signalling the UE shall consider the corresponding rule as evaluated to true.
“

More details are provided in “running CR” for TS 36.304 in [4].

The details of associated RRC signalling are provided in “running CR” for TS 36.331 in [5]. We propose to discuss the required functionality and to agree “running CRs” for LTE first and once these are stable enough, to discuss the UMTS counterparts. 
Proposal 11: to capture the description of IDLE mode procedures and RRC signalling for LTE in “running CRs” [4] and [5].
WLAN Identifiers
RAN2 have agreed that RAN assistance parameters and WLAN identifiers may be signalled using broadcast signalling. However, the update frequency of RAN assistance parameters and WLAN identifiers is expected to be quite different – the former may be updated for instance based on the cell load, which may change very dynamically, while the latter is a semi-static parameter which may not change for many days. Therefore, it makes sense to separate them and to signal RAN assistance parameters and WLAN identifiers using different SIBS.

Proposal 12: to signal RAN assistance parameters and WLAN identifiers using different SIBs.

RAN Sharing

RAN2 have also agreed to support RAN sharing. However, we note that not all parameters have to have different values for different PLMNs in RAN sharing environment. Since different operators may have agreements with different WLAN service providers, it is clear that at least WLAN identifiers signalling using SIB should have different values for different PLMNs. It is not clear whether other parameters, such as RSRP/RSRQ thresholds should be different for different PLMNs. 

Proposal 13: to signal different sets of WLAN identifiers for different PLMNs in RAN sharing environment.

Proposal 14: to discuss whether signalling different sets of other RAN assistance parameters for different PLMNs is beneficial.
3. Proposals

Proposal 1: to capture the description of stage-2 procedures for LTE in the “running CR” [2].
Proposal 2: to agree that a UE in CELL_FACH state applies dedicated and broadcast thresholds in the same way as UE in RRC_CONNECTED mode for LTE and that a UE in CELL_PCH and URA_PCH states applies dedicated and broadcast thresholds in the same way as a UE in RRC_CONNECTED mode for LTE.
Proposal 3: to discuss which approach is preferable for UE in CELL_DCH state.
Proposal 4: to capture the description of stage-2 procedures for UMTS in a “running CR” [3].
Proposal 5: to use channel utilization and available WLAN DL and UL backhaul data rate parameters for traffic routing both to and from WLAN.
Proposal 6: to define low and high thresholds for channel utilization and available WLAN DL and UL backhaul data rate parameters.
Proposal 7: timing of RAN rules evaluation and mobility decisions is left for UE implementation. RAN2 should further discussion if randomization procedure should be defined to avoid mass switching of UEs from one RAT to another. 
Proposal 8: to introduce TreselectionWLAN parameter that shall be signalled by RAN via RRC and used for RAN rules evaluation.
Proposal 9: to introduce a wait time in a similar fashion as cell reselection to prevent a UE from switching between 3GPP and WLAN too frequently.
Observation 1: if WLAN RF parameters are not used by the RAN rules, the RAN rules cannot use a “shall” statement. Using WLAN RF parameters in RAN rules improve the user throughput performance.
Proposal 10: it is proposed to discuss whether to include WLAN RF parameters in the RAN rules.
Proposal 11: to capture the description of IDLE mode procedures and RRC signalling for LTE in “running CRs” [4] and [5].
Proposal 12: to signal RAN assistance parameters and WLAN identifiers using different SIBs.
Proposal 13: to signal different sets of WLAN identifiers for different PLMNs in RAN sharing environment.

Proposal 14: to discuss whether signalling different sets of other RAN assistance parameters for different PLMNs is beneficial.
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Appendix A: Performance Considerations for Traffic Steering Rules  

Performance of RAN rules based on both RAN and WLAN thresholds is considered in this section. In particular, we consider the effect of combining the WLAN channel utilization threshold with a RAN threshold metric (RSRP). We also investigate the impact of including WLAN signal strength based metrics within RAN rules.  

A.1Description of offloading schemes and deployment scenarios 

Detailed description of the offloading schemes is given in the following.

Offloading Schemes

RSRP Threshold 

This policy compares the reference signal received power (RSRP) from LTE with the RSRP offload threshold provided by RAN.  If the RSRP is below the prescribed threshold, the user offloads to WLAN.  Ideal estimation of RSRP is assumed. 

RSRP Threshold + minimum WiFi QoS

This policy compares the LTE RSRP with the RSRP offload threshold provided by RAN.  If the RSRP is below the prescribed threshold, the user offloads to WLAN if the minimum WiFi QoS is met.  Minimum QoS on WiFi is met if WLAN link rate exceeds the lowest supported data rate for transmission (e.g. BPSK Rate ½). The minimum WiFi QoS can be estimated based on comparing WLAN signal strength metric RSNI to the minimum threshold required to achieve target error rate for BPSK Rate ½ transmission. Ideal estimation of RSRP and RSNI is assumed. 

RSRP Threshold + minimum WiFi QoS + WiFi Channel Utilization Threshold
This policy compares the LTE RSRP with the RSRP offload threshold provided by RAN.  It also compares the measured WLAN channel utilization with the WLAN channel utilization threshold provided by the RAN. A UE will offload to WLAN if all the following conditions are met:

· If the RSRP is below the prescribed threshold;

· If WLAN channel utilization is below a low utilization threshold;

·  Minimum WiFi QoS is met.  Minimum QoS on WiFi is met if WLAN link rate exceeds the lowest supported data rate for transmission (WLAN RSNI exceeds the minimum threshold required to achieve target error rate for BPSK ½). 
A UE  will switch back from WLAN to 3GPP (LTE) if 

· If the RSRP is above the prescribed threshold; or 

· WLAN channel utilization threshold exceeds a high utilization threshold. or

· Minimum WiFi QoS is not met. Minimum QoS on WiFi is not met if WLAN link rate falls below the lowest supported data rate for transmission (e.g. BPSK Rate ½). 
 Once the UE makes a RAT selection decision, it waits for a predefined duration of time before it switches again. This wait time is set to be 200 milliseconds in our simulations. Ideal estimation of LTE RSRP and WLAN RSNI is assumed.

Deployment & Simulation Scenarios 

We focus on the DL performance and consider a deployment scenario where an LTE macro cell network is deployed with WiFi-only small cell. Standard 3GPP system evaluation methodology specified in 3GPP 36.814 and 36.819 is used for LTE as well as WiFi deployments. Detailed simulation parameters for both LTE and WiFi, are included in Table 1. An outdoor deployment is assumed and 1 small cell with 9 UEs/sector is assumed for simplicity.  We show results for clustered user distribution, but our conclusions are expected to be similar for the uniform case as well. The WiFi contention based MAC is explicitly modelled in the system level simulator.  
Full buffer and Non full buffer with 3GPP FTP traffic model 3 is modelled.  A medium and high load scenario (lambda = 2, i.e., exponentially distributed inter-arrival time with mean 0.5 s, and fixed file size of  0.2/0.5 MB/file) is considered. 

The timing instances of traffic steering decisions across UEs are randomized in our simulations. WLAN channel utilization measurements are updated every 100 milliseconds based on typical values for beacon interval.  A long term average of channel utilization measurements is computed (averaging is done over a 5 second interval).

The LTE RSRP and WLAN RSNI measurements are not updated during the simulation as UEs are dropped statically as per 3GPP methodology. 

	LTE

	Topology
	1 small cell/sector, 9UEs/sector , 7 cell wrap-around (Het-Net deployment w/ WiFi only small cells)

	RSRP bias, ABS  (for deployments w/ LTE small cells)
	None.

	UE dropping
	Clustered

	Channel/UE speed
	[IMT] UMa Macro, UMi Pico, UE speed= 3 km/hr

	LTE mode
	Downlink FDD @ 10 MHz

	No. antennas (macro, pico, UE)
	(2, 2, 2)

	Antenna configuration
	macro, small cell: co-polarized, UE: co-polarized (||-->||)

	Max rank per UE
	2 (SU-MIMO)

	UE channel estimation
	Ideal

	Feedback/control channel errors
	No Error

	Scheduler
	Proportional-Fair Scheduler for both WiFi and LTE

	Scheduling granularity
	5 PRBs

	Traffic load
	Full Buffer and Non-full buffer with 3GPP FTP traffic model 3 (lambda = 2, i.e., exponentially distributed inter-arrival time with mean 0.5 s, and fixed file size of 0.2/0.5 MB/file) for both WiFi & LTE.  

	Receiver type
	Interference unaware MMSE

	Feedback periodicity
	10ms

	CQI & PMI feedback granularity  in frequency
	5 PRBs

	PMI feedback
	3GPP Rel.-10 LTE codebook (per sub-band)

	Outer loop for target FER control
	10% PER for 1st transmission

	Link adaptation
	MCSs based on LTE transport Format

	HARQ scheme
	CC

	WiFi

	WiFi Parameters
	802.11g, Same network. Same deployment as LTE

	WiFi Frequency
	2.4 GHz band

	AP Transmit power
	20 dBm

	WiFi mode
	Downlink only.

	WiFi Channel
	20 MHz

	Number of frequency bands
	3

	MPDU Size
	1500 Bytes


Table 1 Simulation Assumptions
A. 2 Performance Results
Table 2 compares the non-full buffer (low-medium load with FTP file size of 0.2 MB) throughput performance and user distribution statistics of RSRP + min WiFi QoS + WLAN channel utilization threshold based scheme for different RSRP threshold values. Also shown is the RSRP threshold + min WiFi QoS scheme with RSRP threshold of -40dBm, which represents the best offload performance for full-buffer traffic (-40dBm is selected as it shows the best performance amongst RSRP threshold values ranging from -60 to -30dBm, under full load conditions) It can be seen that even when the system is not fully utilized (light-medium traffic load), the RSRP threshold value of -40 dBm continues to provide best overall throughput performance, as similar percentages of users are offloaded in both cases. Thus, one simple offloading/load balancing approach for the eNB may be to adjust the RSRP thresholds such that users are offloaded in proportion to the available capacity across the RATs. The WLAN channel utilization threshold may be set to the maximum target utilization levels for the WLAN AP and serves to limit excessive offload of users, if the RSRP threshold is adjusted to be higher (note that only the low utilization level is shown here). 

[image: image1.emf]RSRP TH =-40 dB, 

(Full Buffer)

RSRP -TH=-20dBm

WLAN-CHU= 70%

RSRP TH=-30

WLAN-CHU= 70%

RSRP TH=-40

WLAN-CHU= 70%

RSRP TH=-50

WLAN-CHU=70%

User Throughput Performance (Mbps)

Cell-Edge 0.95 0.87 1.18 2.08 2.07

Median 4.12 5.41 9.55 12.24 8.52

Average  4.94 8.97 11.79 12.72 10.87

Percentage Users Offloaded (%)

LTE  35.6 9.5 18.5 35.2 57.4

WLAN  64.4 90.5 81.5 64.8 42.6


Table 2: Throughput performance and user distribution comparison for RSRP + min WiFi QoS + WLAN channel utilization threshold Scheme with different RSRP thresholds. Non full buffer results are based on medium loaded system (file size = 0.2 MB). Deployment scenario comprises 1 WLAN small cell and 9 UEs per LTE macro-cell sector.

Table 3 shows the performance comparison for non-full buffer ftp traffic with high loading conditions (FTP file size of 0.5 MB). Similar offloading behaviour is observed in this case as well. 

We also observe that the overall WLAN channel utilization levels range from 58% for the RSRP threshold of -50 dBm to 74% for RSRP threshold of -20 dBm.
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Cell-Edge 0.69 0.80 1.21 1.26

Median 3.44 4.14 5.09 4.34

Average  5.12 6.42 6.61 6.08

Percentage Users Offloaded (%)

LTE  8.5 19.4 36.6 64.4

WLAN  91.5 80.6 63.4 35.6


Table 3: Non full buffer throughput performance and user distribution comparison for RSRP + min WiFi QoS + WLAN channel utilization threshold Scheme with different RSRP thresholds. Non full buffer results are based on high loaded system (file size = 0.5 MB). Deployment scenario comprises 1 WLAN small cell and 9 UEs per LTE macro-cell sector.
Effect of min WiFi QoS Threshold 

Also note that currently agreed parameters used for traffic steering rules do not account for any WLAN signal quality metrics.  Table 3 shows the impact of not utilizing the min WiFi QoS threshold, which is based on minimum SNR threshold. It can be seen that if RAN rules (or UE implementation) do not account for WLAN signal quality, then very weak users may be offloaded to WLAN, potentially impacting cell-edge performance significantly. Thus RAN2 should evaluate the use of WLAN signal strength metrics in RAN rules. 

[image: image3.emf]RSRP TH= -40 dB

w/o min WiFi QoS

RSRP TH=-40, 

w/ min WiFi QoS

User Throughput Performance (Mbps)-Medium Load 

Cell-Edge 1.4 2.08

Median 11.56 12.24

Average  12.88 12.72

User Throughput Performance (Mbps) – High Load 

Cell-Edge 0.9 1.22

Median 5.03 5.09

Average  6.67 6.61


Table 4: Comparing throughput performance of RSRP threshold schemes for non-full buffer traffic (medium/high load, file size = 0.2/0.5 MB) with and without accounting for min WiFi QoS. Deployment scenario comprises 1 WLAN small cell and 9 UEs per LTE macro-cell sector.
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