
3GPP TSG-RAN WG2 Meeting #93bis


     R2-162907
Dubrovnik, Croatia, 11th – 15th April 2016
Source: Qualcomm Incorporated

Title: On concurrent UMTS CS and LTE PS operation
Document for: Discussion 
Agenda Item: 13.5
1. Introduction

RAN#71 (Mar ‘16) approved the Rel-14 Study Item on UMTS and LTE Joint Operation ([1]). The main objective is to study some possible solutions to support CS in UMTS and PS in LTE, with the assumption that the UE camps on LTE, and aiming at minimizing impacts to existing procedures/mechanisms.

This paper describes, at high level, a possible solution, based few key assumptions and proposals /enhancements:

· Legacy camping/operation for Idle or PS-only connectivity
· “Enhanced CSFB” (*) with 3G CS call setup and independent LTE Idle/Connected operation
· RAN-aware 3G CS and LTE PS concurrent operation, based on Dual-Rx / Single-Tx UE

· UL Tx sharing is enabled by the suitable transmission gaps supported by 3G DCH Enhancement and LTE PS C-DRX operation/features
(*) The “Enhanced CSFB” term (used in this paper) refers to a procedure/operation similar to a standardized option for 1xCSFB ([2]), and is basically a simplified CSFB procedure where only the CS call does fallback to 3G, while the PS context/connectivity remain in LTE. 
2. Description
This section provides a high level description of the proposed solution, split into different UE/NW states and connectivity scenarios: Idle Mode Operation, Connected Mode PS-only, Connected Mode CS-only, and Connected Mode concurrent 3G CS and LTE PS.
Idle Mode Operation 
In this scenario, the UE is simply Idle, with no CS / PS connection, and it is assumed that a typical 4G/LTE camping configuration (e.g. via reselection priorities) is in place, thus the UE is camping in LTE.

In order to minimize impacts to existing procedures, it is proposed to use legacy PS/CSFB (combined EPS/IMSI) registration to EPC (*). While UE camps on LTE, UE follows legacy E-UTRAN idle procedures, including monitoring for CS paging coming through LTE (like legacy CSFB).
(*) Note: it is FFS whether the NAS registration needs any update, e.g. to signal the support of the Enhanced CSFB operation to 3G.
A high level illustration is shown in Fig.1.
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Fig.1 - Idle Mode Operation – 4G/LTE camping with CSFB-like paging (through LTE)
Connected Mode – PS only (over LTE)
In this scenario, the UE is LTE connected, with an ongoing PS/Data-only call. No significant impacts are expected: MO/MT PS call setup and connected mode operation follow legacy LTE procedures, and CS paging goes, like CSFB, over dedicated LTE signalling.
A high level illustration is shown in Fig.2.
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Fig.2 - Connected Mode – PS only
Connected Mode – CS only (over 3G)

In this scenario, the UE is CS connected, with an ongoing 3G CS call, and Idle in LTE (no PS connection ongoing). 
UE is assumed to behave as EPS-only in LTE (e.g. no CSFB-like CS paging over LTE). UE dual-Rx allows independent LTE monitoring of PS pages and other LTE Idle tasks.
A high level illustration is shown in Fig.3.
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Fig.3 - Connected Mode – CS only
When a Idle UE moves to Connected Mode – CS only, the MO/MT CS call setup triggers an “enhanced CSFB” procedure (*), i.e. the CS call is setup in 3G (like CSFB), but the PS context stays in LTE, where the UE (and EPC) remains in Idle state. 
(*) Further details on eNB and/or MME impacts, in order to support the proposed enhanced CSFB procedure (behaviour and/or signalling wise). are FFS. Some initial considerations (and 1xCSFB references), are provided in the Annex.

Connected Mode – Concurrent 3G CS + LTE PS 

In this scenario, the UE is simultaneously connected to 3G CS and LTE PS, as shown in Fig.4.
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Fig.4 - Connected Mode – Concurrent 3G CS + LTE PS
In such state/condition, the following capabilities and functionalities are proposed/assumed:  
· Dual/Independent (control/user plane) connections (over 3G CS and LTE PS), with independent mobility and other connected mode procedures 
· No need for inter-RAN connection/coordination/communication

· UE Dual-Rx and Single-Tx concurrent operation/transmission:
· UE Single-Tx sharing is enabled by transmission gaps created over UTRA and LTE (see more details below)
· Both UE, UTRAN and eNB are aware of such enhanced concurrent operation, which must be configured and activated/deactivated appropriately. 
Two main transition scenarios, moving into CS + PS operation, can be considered:
· From PS-only to PS+CS; in this case, an “enhanced CSFB” procedure would take place at CS call setup, similarly to the Idle to CS-only case (described above). 
· From CS-only to CS+PS; in this case, the LTE PS call setup follows a normal/legacy procedure, on the LTE side.
In both cases, once both connections are up, concurrent opearation must be activated. Once one of the two calls/connections is released, concurrent operation will be, logically, deactivated.

It is FFS how to signal/indicate (de)activation of concurrent operation, either re-using existing signalling or via new messages; it is also FFS if signalling impacts are limited to RRC/RAN, or may involve NAS/MME as well.

Concurrent 3G + LTE using Single UL Tx Sharing
As said above, the concurrent operation with a single UL Tx (shared among UMTS CS and LTE PS) is assumed to operate efficiently using proper transmission gaps over the two radios. This seems feasible, and with minimal impacts, by largely reusing existing CS and PS functionalities. Indeed DCH enhancements and LTE C-DRX can operate with proper transmission gaps in order to allow the UE to timely tune its UL Tx toward the other radio. 
Few key aspects and assumptions are shortly described below.

Over UTRA, UL/DL DPCH transmission follows existing DCH Enhancements procedures, particularly 10ms UL transmission is used to create 10ms gap over 20ms cycle.
Over E-UTRA, Connected DRX configuration and procedures are used to create UL gaps, i.e. relying on 

· Proper C-DRX parameter values (e.g. ShortDRXCycle 20ms, OnDuration 10ms, InactivityTimer 0, etc.)
· Proper CSI, SR, SRS configuration and transmission 
Regarding Timing alignment aspects, it is assumed that a certain alignment is required to efficiently operate in such UL-Tx sharing operation. To achieve that, a simple approach, with minimal impacts to RAN (e.g. no need for inter-RAN coordination/synchronization), is to rely on UE detecting/reporting potential misalignments (e.g. over UTRAN, via existing or new time-offset triggers/indications).  
3. Conclusions

This paper has provided a high level description of a potential solution to support concurrent 3G CS plus LTE PS operation for dual Rx, single-Tx UEs. It largely relies on re-using existing functionalities (e.g. CSFB, DCH enhancements, LTE C-DRX) thus minimal impacts to existing specifications/implementation are expected (to be further investigated). 
Proposal: The solution identified above should be considered, and further investigated, as part of the Rel-14 study on HSPA and LTE Joint Operation. 
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Annex A – CSFB Signaling Flows
This annex provides some initial considerations on potential impacts (and possible options) of “Enhanced CSFB”, compared to legacy CSFB signaling flows, shown as baseline (from 23.272 - simplified version, i.e. focusing on 3G CS and LTE PS entities).
A.1 CSFB MO call (from LTE Idle / Active)
(*) From Idle, UE has to setup a RRC connection first. Afterwards, the procedure is the same for Idle & Active, as below.
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Few impacts/changes due to the “Enhanced” CSFB are expected (see highlighted part of the flow), on the LTE side, and should be further investigated. At high level,
- For an Idle UE, the procedure becomes a normal Idle to Connected to Idle transition; afterwards, UE keeps camping on LTE.
- For a connected UE, RRC connection may be released (end re-established) or kept alive (e.g. similar to enhanced 1xCSFB, see Annex B). Further details are FFS. In both cases, no EPC/SGW context suspension is needed.
A.2 CSFB MT call (From LTE Idle/Active)
From Idle, UE gets common page; from connected, it’s a dedicated CS page notification (both options shown below).
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“Enhanced” CSFB changes (LTE side): same as MO call (see above).

A.3 Returning back to E-UTRAN

Applies to both MO/MT CS call: after RRC release in UTRAN, UE should return to LTE and perform a combined EPS/IMSI TAU . 
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Such procedure may be re-used for the enhanced CSFB solution, e.g. in order to restore normal LTE camping / connectivity, with CSFB based CS paging (over LTE). It is FFS if any updates/optimizations are necessary.

Annex B – Similarities with enhanced 1xCSFB
This Annex includes a short extract from 23.272 (Introduction only) on some option standardized for the enhanced 1xCFB, focusing on similarities with the solution proposed above for 3G CSFB.
---------------------
B.2.3a
Enhanced CS fallback to 1xRTT Procedure
B.2.3a.1
General

Enhanced CS fallback to 1xRTT procedure may be used when the UE indicates its support of this capability to the network. ….
.... A network advertising these capabilities does not suspend the EPS bearers for mobile originated or mobile terminated 1x CS calls for such UEs. Concurrent enhanced CS fallback to 1xRTT and PS handover to HRPD is not performed for UEs that support enhanced CS fallback to 1xRTT ….

If enhanced CS fallback to 1xRTT procedure is not used by the network (i.e., not supported or not configured), the network uses RRC connection release with redirection as specified in clauses B.2.2 and B.2.3.

…
---------------------
1
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