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1
Introduction
At RAN#71 meeting, a study item “Study on HSPA and LTE Joint Operation” was approved [1]. 
The objective of the study item is to study some possible solutions to support CS in UMTS and PS in LTE, evaluate the impacts on network architecture and interface, e.g.

1) Assumption: UE always camps on LTE and voice service is on UMTS 
2) Study the possible solutions, on top of current mechanism, as the following cases.
i. An idle UE in LTE initiating MT/MO voice call, both network and UE side behaviours

ii. A connected UE in LTE initiating MT/MO voice call, both network and UE side behaviours

iii. A connected UE in UMTS with CS service, UE tries to establish PS service

3) Study the possible solution and impacts on architecture, signalling flow enhancement, with the working assumption that impact should be as less as possible, e.g. LTE specs.

At RAN3#92 three main Use Case(s) which are to be considered as part of the Study Item, namely (1) Idle mode UE in LTE (2) Connected mode UE in LTE and (3) Connected mode UE in UMTS, were agreed and captured in [2].

At RAN2#94, three solutions were discussed, namely (1) Single standby (2) Dual standby and (3) Concurrent operation.
A further analysis of the use cases has been made in R3-161916 which includes a breakdown into sub-use cases and an explicit (fourth) use case for simultaneous transmission in UTRAN and E-UTRAN.

In this paper we analyse the possible impacts for the Dual standby solution with respect to the identified use cases. 
2
Identified Use Cases
R3-XXXX has broken down the use cases into the following:

1.
Idle UE in LTE

1a
The attach procedure(s) for attaching to both the EPC and the MSC

1b.
Idle mode operation and the camping strategy
1c.
Starting of PS service and transition to use case 2
1d.
Starting of CS service and transition to use case 3
2.
Connected UE in LTE
2a.
PS operation in LTE connected mode
2b.
Maintenance of capability to receive CS service from UTRAN
2c.
Addition of CS service and transition to use case 4
2d.
Termination of PS operation and transition to use case 1
3.
Connected UE in UMTS

3a.
CS operation in UTRAN connected mode
3b.
Maintenance of capability to receive PS service from LTE
3c.
Addition of PS service and transition to use case 4
3d.
Termination of CS operation and transition to use case 1
4.
Concurrent CS and PS operation

4a.
Configuration of Concurrent PS and CS operation in E-UTRAN and UTRAN
4b.
Concurrent PS and CS operation in E-UTRAN and UTRAN
4c.
Termination of the PS operation and the transition to use case 2
4d.
Termination of the CS operation and the transition to use case 3
3
Analysis of the Concurrent operation solution
The Concurrent operation solution is analyzed against the use cases listed above. The use cases are analyzed based on the following assumptions the solutions:
1. The transmission pattern on the UMTS side is achieved using the 10ms mode of DCH enhancement.

2. The transmission pattern on the LTE side is achieved using connected mode DTX/DRX functionality [Note: In principle, a UE equipped with 2 RX will be able to receive simultaneously from both RATs. However, for DL transmissions that require responses with strict timing, e.g., L1 ACKs, the network must avoid transmitting to the UE if the response falls into the DTX gap. Thus, a DRX pattern matching exactly the UL DTX pattern is needed to inform the network of the situation.]

3. To avoid extensive inter-RAT coordination by the two networks, the UE will take on the role of the coordinator and inform each network of the necessary parameters for the configuration. 
Only impacts on use cases 4 are considered below. Impacts due to the constraint from Concurrent operation on use case 2 and 3 have been presented in R2-165484 and R2-165485. The main issues there are:
· the restriction of the voice service to DCH Enhancement 
· the monitoring of the coverage for the 10ms mode DCH Enhancement 
· a procedure to disable Joint operation when out-of-coverage is detected.
They will not be repeated here.
3.1 Use case 4: Concurrent CS and PS operation

The UE has an ongoing PS session in LTE and an ongoing voice call in UMTS. This use case can be decomposed into the following use cases:

4a.
Configuration of Concurrent PS and CS operation in LTE and UMTS
This use case concerns the setting up of time-multiplexing for uplink transmissions in LTE and UMTS. A 20ms pattern with 10ms "on", 10ms "off", and a 10ms offset between the two RATs are needed. 

It has already been pointed out in [4] and [5] that it is not obvious if the signaling for setting up the new connections and the DTX/DRX pattern can be achieved without the benefit of the pattern.

The configuration depends to some extent on whether PS is added to CS or CS is added to PS, and the need for a reconfiguration of the ongoing transmission is assumed.

Adding PS to CS:

· Set up the PS RAB in LTE with the required DTX/DRX pattern.

· Configure the DTX/DRX pattern with an offset that matches the chip timing of the CS connection in UMTS. 

· Disallow the fallback to the 20ms mode of DCH enhancement in UMTS.

Adding CS to PS:

· Reconfigure the connection in LTE to set up the required DTX/DRX pattern.

· Set up the CS connection in UMTS with a chip timing that matches the offset of the LTE DTX/DRX pattern. 
.

Note that extensive signaling before or during a speech call may impact call setup delay, voice quality, and drop rate, and should be avoided.

Conclusion/summary

FFS: How to set up a DTX/DRX pattern in LTE that matches the DTX pattern of the DCH enhancement 10ms mode.

FFS: If it is possible in LTE to configure the offset of the DTX/DRX pattern to any value or if it is necessary to reconfigure the chip timing of an ongoing connection in UMTS to match the DTX/DRX offset in LTE.

FFS: Configuration of a connection in UMTS with a specific chip time on the UE's request.

FFS: The disturbance on the existing connection (in both LTE and UMTS) and the impact on call setup delay of the new connection. 
4b.
Concurrent PS and CS operation in LTE and UMTS
This use case concerns the maintenance of the two connections after they have been set up.

During concurrent PS and CS operation, the fallback to the 20ms mode of DCH enhancement needs to disabled. It is assumed that it can be handled by the UE with no intervention from the network.

Since the use of the 10ms mode reduces the UMTS coverage for voice calls significantly, it is necessary to re-enable the 20ms mode, i.e., to disable Joint operation, when the UE starts to lose coverage for the 10ms mode. Similar to what has been pointed out in use case 3a, criteria for doing this are needed.

Some considerations/options for disabling Joint operation:

· Should the PS connection in LTE be released or suspended when disabling Joint operation?

· In the case of a release, should the PS connection be redirected to UMTS?

· Allow Joint operation in UMTS cells that have full coverage for the 10ms mode. This will severely limits the service area for Joint operation. It also requires perfect knowledge of the cell plan, which is usually not available. 

All of these have obvious issues that require further study.

The 10ms DTX/DRX pattern in LTE may have a significant impact on the latency of RRC signaling. Further studies are needed to understand if this will have any serious implication on handover procedures in LTE.

Conclusion/summary

FFS: The criteria for disabling Joint operation due to the need to fall back to the 20ms mode in UMTS and whether the criteria need to be specified or left for UE implementation.

FFS: Strategy for handling the PS connection in LTE when disabling Joint operation due to loss of coverage.

FFS: Degradation in signaling latency in LTE and the impact on handover procedures.
4c.
Termination of the PS operation and the transition to use case 2

This use case concerns the release of the PS call and return to idle mode in LTE while a voice call is ongoing in UMTS.

Time-multiplexing is no longer needed. The UE may enable fallback to the 20ms mode of DCH enhancement in UMTS and camps on an LTE cell as in the baseline.

Conclusion/summary

No impact expected on the network side.
4d.
Termination of the CS operation and the transition to use case 3

This use case concerns the release of the CS call and return to idle mode in UMTS while a PS call is ongoing in LTE.

One concern is the need to route CS pages back to LTE for single-standby UEs.
Another concern is whether to reconfigure the DTX/DRX setting to enable higher data throughput and how the UE would inform the network of the relaxed DRX requirement.
Conclusion/summary

FFS: How the MME is informed of the return of the UE from UMTS.

FFS: If a baseline LTE procedure can be used to reconfigure the DTX/DRX setting of the connection. If not, how the new procedure should work.
3
Conclusion
In this discussion paper we have proposed a further decomposition of each of the identified Use Cases, and RAN2 is kindly asked to discuss and consider the issues identified as needing further study for the Concurrent operation solution.

Proposal: RAN2 is kindly asked to discuss and consider the issues identified as needing further study as part of the Concurrent operation solution when it is captured in the Technical Report 37.805
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