3GPP TSG-RAN WG2 Meeting #95
R2-16xxxx
Gothenburg, Sweden, 22nd – 26th August 2016
Source:
China Unicom
Title:
TP for Single Standby and Dual Standby in LTE&UMTS Joint Cooperation
WID/SID:
FS_UTRA_LTE_JOP
Document for:
Discussion and Decision
1
Introduction
This TP is to include TPs on solutions for single standby and dual standby scenarios into a single TP.
2
Text Proposal to the TR
************** Text Proposal to TR 37.805 ****************
------------------Start of the text proposal------------------
5
SID Working Assumptions

As a starting point, possible solutions should have limited impacts on both the network equipment and user terminals. Further detailed working assumptions are listed below:

1. UE camps on LTE when under coverage of both LTE and UMTS.

2. When a UE served by LTE has CS voice services, the CS voice service is provided by the UMTS network while the data service is provided by the LTE network.

3. New interfaces, e.g. interface between RNC and eNB, are not considered in the study.

4. The impact to existing procedures and mechanisms should be minimized. 
5. Single Tx and Dual Rx is the baseline. 
6
Use case description

6.1 
Use case 1: Idle UE in LTE
UE stays in Idle mode with no CS / PS connection in the coverage area of both LTE and UMTS. The single standby UE is usually camping on LTE by network side configuration (e.g. via reselection priorities). Legacy CSFB mechanism is used for voice solution, in which UE releases from LTE with CSFB indicator and then establishes CS voice. As of the existing CSFB mechanism may impact user experience, it is beneficial to study on this use case and discuss on some possible solutions to improve user’s experience.

For dual standby UE, UE in Idle mode is camping on UMTS and LTE network simultaneously and monitor system information and paging from two RATs. UE will initiate CS connection or PS connection following legacy procedure for MO and MT cases.

6.2 
Use case 2: Connected UE in LTE

UE is connected in LTE. When the CS voice happens, the single standby UE usually follows the legacy CSFB procedure with PS handover and release or handover the PS connection in LTE. Due to the disadvantages of bandwidth and data rate, UMTS is less competitive than LTE in PS service. Tight joint operation of UMTS and LTE focuses on supporting concurrent transmission of CS in UMTS and PS in LTE, as well as providing subscribers with good quality CS voice and higher data rate. It is beneficial to study on this use case and discuss on some possible solutions to improve user’s experience.
As Dual Standby UE has camped in UMTS, even UE is connected in LTE, UE is assumed to behave as MSC-only in UMTS (e.g. no CSFB-like CS paging over LTE). UE can initiate CS connection in UMTS directly during the PS transmission via LTE network. 
6.3 
Use case 3: Connected UE in UMTS

UE has CS call in UMTS. When a single standby UE gets the request to set up a PS service, the legacy procedure is to setup PS in UMTS. But the PS service experience in UMTS is not as competitive as LTE and the PS service is wished be set up in LTE for better experience of subscribers in higher data rate. It is beneficial to study on this use case and discuss on some possible solutions to improve user’s experience.
As the Dual Standby UE has camped in LTE, even UE is connected in UMTS, UE is assumed to behave as EPS-only in LTE. UE can initiate PS connection in LTE during the CS transmission via UMTS network.
7
Requirements and Potential Solutions

7.1 
Requirements

7.2 
Evaluation criteria


7.3 
Potential solutions


· 
· 

7.3.1
Concurrent PS/CS Operation with Dual Rx/Single TX UE

The following provides a high level description of the operation for this solution.

Connected Mode – Concurrent 3G CS + LTE PS 

In Concurrent 3G CS + LTE PS, the UE is simultaneously connected to 3G CS and LTE PS, as shown in Fig.1.
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Fig.1 - Connected Mode – Concurrent 3G CS + LTE PS

In such state/condition, the following capabilities and functionalities are proposed:  

· Dual/Independent (control/user plane) connections (over 3G CS and LTE PS), with independent mobility and other connected mode procedures 

· No inter-RAN connection/coordination/communication

· UE Dual-Rx and Single-Tx concurrent operation/transmission

How the UE sustains the two concurrent connections with a single Tx is studied in section 7.3.1.1.4 and 7.3.1.2.4
Single RAT connected modes (CS or PS)

In these modes, the UE is either LTE connected, with an ongoing PS/Data-only call, or CS connected, with an ongoing 3G CS call. Connected operation in these scenarios is similar to legacy from a radio perspective, as the UE does not need to handle concurrent use of the transmitter for two RATs. 

Procedures and triggers for transitioning from each of these modes to concurrent CS/PS operation are studied in section 7.3.1.1 and 7.3.1.2. High level illustrations are shown in Fig.2 for the PS connected mode and Fig.3 for the CS connected mode.


[image: image2]
Fig.2 - Connected Mode – PS only
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Fig.3 - Connected Mode – CS only

In the CS connected mode, the UE has an ongoing 3G CS call, and is idle in LTE. UE dual-Rx allows independent LTE monitoring of PS pages and other LTE idle mode tasks. It should be noted that the red line in Fig 2 only represents single standby scenario.
Idle Mode

In this scenario, the UE is idle, with no CS or PS connection. The UE monitors LTE paging and transitions to LTE connected following legacy procedures. For CS paging, two candidate solutions have been identified:

-
Single standby: UE is EPS/IMSI combined registered in LTE. CS paging is received from LTE air interface;

-
Dual standby: UE camps on both UMTS and LTE. CS paging is received from UMTS air interface.
7.3.1.1 
Solutions on single standby scenario

7.3.1.1.1 
Use case 1: Idle UE in LTE

In case of MO/MT CS call when the UE is in LTE idle, the procedure follows legacy CSFB, with the exception that the PS Idle context (in the UE and EPC) does not fallback to UMTS, but remains in LTE. In case of MO/MT PS call when the UE in LTE idle, legacy LTE MO/MT PS call setup procedures could be applied.

Figure 7.3.1.1.1-1 shows the MO CS call case; for MT, the 1st step (not shown) is UE paging (from MSC through MME/eNB); then the signalling flow is the same, starting from RRC connection setup, to send the Extended Service Request message.
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Figure 7.3.1.1.1-1: Signalling flow for use case 1

The main LTE signalling changes, compared to legacy CSFB, are:

· New UE capability signalled, to the eNB, at RRC connection setup 

· eNB configuration/authorization signalling, to the UE, via RRC connection release

After RRC connection release, while UE proceeds with CS call setup in UMTS, it remains Idle in LTE for PS (using dual-Rx capabilities). No impacts to MME/EPC, expected to maintain as well the LTE Idle context for the UE (which will not register to the 3G PS domain, thus not triggering a PS IRAT change in EPC).

At CS call ends and then redirection to LTE, the UE should perform a (legacy) combined TAU procedure, to re-establish CSFB paging via MME.

7.3.1.1.2 
Use case 2: Connected UE in LTE only
A PS connected UE in LTE initiating a MT/MO CS call: As shown in Figure 7.3.1.1.2-1, CS call setup in UMTS is concurrent with an ongoing PS call in LTE. The procedure is similar as legacy CSFB, the difference is that the UE could send new capability of UMTS and LTE joint operation to the eNB, and then the eNB could send an indication of the CS-PS concurrent operation to the UE.
In this case, UE could request UL gaps or the network could configure UL gaps.

FFS: This will require study on how long the gap is needed, to what extent the UMTS CS call setup delay will be impacted and whether DCH enhancements can be setup up for stand-alone SRB. (also valid for dual standby scenario in section 7.3.1.2.2)

[image: image5]
Figure 7.3.1.1.2-1: Signalling flow for use case 2
Regarding Timing alignment aspects, it is assumed that a certain time alignment is required to efficiently operate in UL-Tx sharing mode between UMTS and LTE. A simple approach, with minimal impacts to RAN (e.g. no need for inter-RAN coordination/synchronization) and LTE signalling, is to rely on UE detecting/reporting potential time offsets to UMTS (via existing or new time-offset triggers/indications). It must be possible to activate time multiplexing between UMTS and LTE during an ongoing connection on a need basis i.e. avoid any static configuration.
Figure 7.3.1.1.2-2 shows how timing configuration/alignment is expected to work. The general principle is that:
· The eNB firstly configures the (Connected mode DRX) UL gaps pattern for the LTE PS link; 

· Afterwards, the UE signals to the RNC proper time information (e.g. DPCH frame offset) for aligning DCH enhancements frame timing
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Figure 7.3.1.1.2-2: Timing alignment procedure for use case 2
7.3.1.1.3 
Use case 3: Connected UE in UMTS only
A CS connected UE in UMTS initiating a (MO/MT) PS call: As shown in Figure 7.3.1.1.3-1, PS call setup in LTE is concurrent with an ongoing CS call in UMTS. The procedure is similar as legacy CSFB, the difference is that the UE could add new capability of UMTS and LTE joint operation to the eNB, and then the eNB could send an indication of the CS-PS concurrent operation to the UE.

Since the eNB doesn’t know when CS call setup will happen in UMTS side, the eNB doesn’t know when to reconfigure UE to allow the CS-PS concurrent operation with one Tx, unless we could further assume that somehow by implementation eNB could learn about such information. In this case, the UE could send new indication of activation of UMTS and LTE joint operation to the eNB.
In this case, UE could request UL gaps or the network could configure UL gaps.
FFS: Whether in LTE it is possible to perform the signalling (including random access) for setting up the time multiplexing needed for UMTS and LTE joint operation and impact on the call setup delay. (also valid for dual standby scenario in section 7.3.1.2.3)
From network side, the disabling of UMTS and LTE joint operation behaviour could be discussed at WI phase; from UE side, it is up to UE implementation. If disabling of UMTS and LTE joint operation is allowed, it can be considered for LTE RRC connection release or deregister from LTE to do it. (all are also valid for dual standby scenario)
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Figure 7.3.1.1.3-1: Signalling flow for use case 3
Regarding Timing alignment aspects, figure 7.3.1.1.3-2 shows how timing configuration/alignment is expected to work. It must be possible to activate time multiplexing between UMTS and LTE during an ongoing connection on a need basis i.e. avoid any static configuration. The general principle is similar as analysis in 7.3.1.1.2. 

[image: image8]
Figure 7.3.1.1.3-2: Timing alignment procedure for use case 3

7.3.1.1.4 
Connected UE in both LTE and UMTS
The CS-PS concurrent operation based on 10ms+10ms mode could work, assuming RRC is established in both UMTS and LTE sides.

The CS-PS concurrent operation with a single UL TX (shared among UMTS CS and LTE PS) is expected to operate efficiently using proper transmission gaps over the two radios, achievable by largely reusing existing CS and PS functionalities. Indeed DCH enhancements and LTE Connected mode DRX can operate with UL transmission gaps (10ms) in order to allow the UE to timely tune its UL Tx toward the other radio. Few general aspects and assumptions are summarized here:

· Over UMTS, UL/DL DPCH transmission follows existing DCH enhancements procedures, particularly 10ms UL transmission is used to create 10ms gap over 20ms cycle.

· Over LTE, Connected mode DRX configuration and procedures are used to create UL gaps, e.g. relying on 

· Proper Connected mode DRX parameter values (e.g. ShortDRXCycle 20ms, OnDuration 10ms, InactivityTimer 0, etc.)

· Proper CSI, SR, SRS configuration and transmission 

At the physical layer, an illustrative example of possible timing and alternate UL Tx data transfer is shown in Figure 7.3.1.1.4-1.
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Figure 7.3.1.1.4-1: Example of alternating 10ms UL transmissions on LTE and UMTS
The above scheme assumes aligned UL timing for LTE and UMTS. As described earlier, time alignment can be achieved e.g. by proper DPCH frame offset reporting and adjustment on UMTS (at/after call setup, and/or during the concurrent data transfer). UE compares its UL timing on LTE and UMTS and indicates required DPCH frame offset to UMTS. 
DPCH frame offset controls UMTS UL timing with 256-chips granularity, and can be used to achieve fine UL timing control on UMTS resulting in 128 chips (< 0.5 LTE symbol) worst case misalignment between LTE and UMTS UL timing (which may resolved by simply disabling one extra subframe on LTE (i.e. OnDuration = 9ms). 
Regarding the criteria of disabling UMTS and LTE joint operation due to the need to fall back to 20ms mode in UMTS, it is up to network implementation. (also valid for dual standby scenario)

When the CS-PS concurrent operation is ongoing, there will be negative impacts on LTE RRC establishment latency. (also valid for dual standby scenario)

When the UE has ongoing CS and PS, after PS call is finished, the procedure of stopping the CS-PS concurrent operation is shown in figure 7.3.1.1.4-2.
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Figure 7.3.1.1.4-2: CS+PS and PS call is finished

The procedures are described as below:

Step 1: If PS transmission is finished in LTE, the UE performs legacy procedures in LTE, e.g. RRC connection release. In addition, the UE informs the RNC of stopping the CS-PS concurrent operation.

Step 2: The RNC may reconfigure the UE to stop the CS-PS concurrent operation.
Figure 7.3.1.1.4-3 shows the procedure of stopping the CS-PS concurrent operation after CS is finished.
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Figure 7.3.1.1.4-3: CS+PS and CS call is finished

The procedures are described as below:

Step 1: If CS transmission is finished in UMTS, the UE performs legacy procedures in UMTS, e.g. RRC connection release. In addition, the UE informs the eNB of stopping the CS-PS concurrent operation.

Step 2: The eNB may reconfigure the UE to stop the CS-PS concurrent operation.
7.3.1.2 
Solutions on dual standby scenario
7.3.1.2.1 
Use case 1: Idle UE in both LTE and UMTS
In this scenario, from the UE point of view, it is expected that the UE will camp on LTE and UMTS separately at the same time, read and monitor own system information and paging in own idle mode. 
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Figure 7.3.1.2.1-1: UE Dual Standby in UMTS and LTE network
For dual standby, as there is no need to use CSFB like mechanism, if only CS voice service is triggered (MT/MO), UE will follows legacy CS call setup procedure in UMTS networks, which doesn’t need any interworking with LTE network. If only PS service is initiated, UE will follow legacy LTE call setup procedure in LTE networks, which doesn’t need any interworking with UMTS network.
For dual standby UE in Idle mode operation and the camping strategy, LTE and UTRAN need to broadcast the capability of supporting the CS-PS concurrent operation. Each time when the UE enters or leaves the service area for UMTS and LTE joint operation, it needs to register/deregister with the appropriate core network to secure the availability of PS services. How this can be done is up to UE implementation, without specification impacted. 
FFS: The UE needs to resolve potential conflicts between Dual standby and the broadcast inter-RAT cell reselection criteria. How this can be done and whether the UE behaviour needs to be specified need further study. It is more network implementation.
7.3.1.2.2 
Use case 2: Connected UE in LTE only
From PS Connected only to PS+CS Connected, UE dual-Rx allows independent UMTS monitoring of CS paging and other Idle tasks, normal CS call setup procedure will take place in MO and MT case. The CS-PS concurrent operation is activated.
Different from single standby scenario, the eNB doesn’t know when CS call setup will happen in UMTS side and eNB doesn’t know when to reconfigure UE to allow the CS-PS concurrent operation with one Tx. In this case, UE could request UL gaps or the network could configure UL gaps to set up CS connection and also request the CS-PS concurrent operation configuration, which are showed in step2, step8 and step9 in Figure 7.3.1.2.2-1.
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Figure 7.3.1.2.2-1: Dual Standby UE from PS-only to PS+CS (MT case)
For dual standby UE in data transmission and reception and connected mode operation in LTE, it must be possible to activate time multiplexing between UMTS and LTE during an ongoing connection on a need basis i.e. avoid any static configuration. 
In this case, how to configure DTX/DRX pattern, activate the CS-PS concurrent operation and do timing aligning are same as single standby scenario section 7.3.1.1.2.
FFS: This will require study on how long the gap is needed, to what extent the UMTS CS call setup delay will be impacted and whether DCH enhancements can be setup up for stand-alone SRB. 
7.3.1.2.3 
Use case 3: Connected UE in UMTS only
From CS Connected only to CS+PS connected, UE dual-Rx allows independent LTE monitoring of PS paging and other Idle tasks, normal LTE connection setup procedure will take place in MO and MT case. The CS-PS concurrent operation is activated.
Same as Single standby scenario in section 7.3.1.1.3, the eNB doesn’t know when PS connection setup will happen in LTE side, and eNB doesn’t know when to reconfigure UE to allow the CS-PS concurrent operation with one Tx. In this case, UE could request UL gaps or the RNC could configure UL gaps to set up CS connection (as shown in step2) to set up PS connection, and could request the CS-PS concurrent operation configuration from eNB during PS connection setup phase in Figure 7.3.1.2.3-1, e.g., step3.
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Figure 7.3.1.2.3-1: Dual Standby UE from CS-only to PS+CS
For dual standby UE in CS operation in UTRAN connected mode, it must be possible to activate time multiplexing between UMTS and LTE during an ongoing connection on a need basis i.e. avoid any static configuration. The CS-PS concurrent operation activation is same as single standby scenario in section 7.3.1.1.3.

In this case, how to configure DTX/DRX pattern, activate the CS-PS concurrent operation and do timing aligning are same as single standby scenario in section 7.3.1.1.3.
FFS: Whether in LTE it is possible to perform the signalling (including random access) for setting up the time multiplexing needed for UMTS and LTE joint operation and impact on the call setup delay. 
7.3.1.2.4 
Connected UE in both LTE and UMTS

For dual standby UE in UMTS and LTE joint operation, when network decides to release one connection, the disabling of UMTS and LTE joint operation should be implemented immediately. The criteria for disabling UMTS and LTE joint operation to fallback to the 20ms mode is same as single standby scenario in section 7.3.1.1.4. 
The procedure for disabling UMTS and LTE joint operation during a voice call is same as single standby scenario in section 7.3.1.1.4.



7.4 
Evaluations of solutions
7.4.1 
Impacts analysis on single standby
From UE to eNB:

· New UE capability of UMTS and LTE joint operation

· Request UL gap and stop UL gap (stop gap may be not needed if Connected mode DRX is considered)
· New indication to request activation of UMTS and LTE joint operation
· New indication of stopping the CS-PS concurrent operation (due to CS termination)

From eNB to UE:

· New indication of UMTS and LTE joint operation

· Configure UL gaps (may be no impacts if Connected mode DRX is considered)

From UE to RNC:

· Request UL gap and stop UL gap (stop gap may be not needed if Connected mode DRX is considered)
· UE signals to RNC proper time information
· New indication of stopping the CS-PS concurrent operation (due to PS termination)

From RNC to UE:

· New network capability of the CS-PS concurrent operation supporting may be broadcasting
Core Network/NAS: No impacts expected to UMTS CN, LTE CN and NAS
UE side:

· Trigger a combined TAU after CS ends in UMTS

· When UE is connected to UMTS or LTE, it uses UL gaps to access LTE or UMTS
7.4.2 
Impacts analysis on dual standby
From UE to eNB:
-        New UE capability of UMTS and LTE joint operation

-        Request UL gap and stop UL gap (stop gap may be not needed if Connected mode DRX is considered)

-        New indication to request activation of UMTS and LTE joint operation

-        New indication of stopping the CS-PS concurrent operation (due to CS termination)

From eNB to UE:

-        New network capability broadcasting of U&L Concurrent Operation supporting 

-        Pattern configuration of UMTS and LTE joint operation

-        Configure UL gaps (may be no impacts if Connected mode DRX is considered)

From UE to RNC:

-        Request UL gap and stop UL gap (stop gap may be not needed if Connected mode DRX is considered)

-        UE signals to RNC proper time information

-        New indication of stopping the CS-PS concurrent operation (due to PS termination)

From RNC to UE:

-        New network capability of U&L Concurrent Operation supporting may be broadcasting 

Core Network/NAS: No impacts expected to UMTS CN, LTE CN and NAS
UE side:

· When UE is connected to UMTS or LTE, it uses UL gaps to access LTE or UMTS
7.4.3
 Comparison on specific aspects

From latency perspective, for single standby, to initiate CS connection, UE shall will request RRC/S1 UE context resource in LTE and LOCATION update (in UMTS potentially) before CS call setup in UMTS. Compared with dual standby, it will experience CS call setup performance with higher latency.
From power consumption perspective, for dual standby, UE is required to continuously monitor the paging channel, receive system information, and perform measurements for idle mode mobility in both UMTS and LTE networks. Compared with single standby, it will cost more power.
------------------End of the text proposal------------------

3
Conclusion

Proposal 1: It is proposed RAN2 to discuss and agree the proposed text for the TR 37.805.
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