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1. Introduction
In the context of the Rel-14 Study Item on UMTS and LTE Joint Operation ([1]), this paper provides further description and considerations for the solution Concurrent PS/CS Operation with Dual Rx/Single TX UE, based on LTE camping ([2], [3]). 
In particular, the paper tries to address more details on some open points identified during the study, e.g. related to procedures and signalling in different use cases, concurrent operation over the radio interface, qualitative performance aspects, implementation and specs impacts.

The paper also includes, in Annex, a Text Proposal for capturing the solution description and other study considerations in the TR.

2. Description
As described at high level in previous papers ([3]), few key assumptions and principles of the proposed solution are:

· Legacy (CSFB-based) CS paging over LTE for Idle and PS-only connected UEs 
· CS-only fallback to 3G (NOTE), with independent LTE Idle operation (based on Dual-Rx UE)
· RAN-aware 3G CS and LTE PS concurrent operation based on Dual-Rx / Single-Tx UE

· UL Tx sharing, enabled by the suitable UL transmission gaps supported by (legacy) 3G DCH Enhancement and LTE PS C-DRX features

NOTE: The CS-only fallback to 3G is a procedure/operation similar to a standardized option for 1xCSFB ([4]), and is basically a simplified CSFB procedure where only the CS call does fallback to 3G, while the PS context/connectivity remain in LTE.

Next paragraphs provide further description of the solution, particularly on procedures and signalling in different states and use cases (and transitions among them), concurrent operation over the radio interface, qualitative performance aspects, implementation and standard impacts. Focus is on “single stand-by” operation, i.e. CS paging over LTE for Idle and PS-connected UEs.
2.1 High level procedures and signalling flows
Idle Mode Operation 
In this scenario, the UE is fully 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 and performs a 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). 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)
In such scenario (LTE Idle), PS call setup and connectivity follow legacy LTE procedures and operation. 
An idle UE in LTE initiating a (MO/MT) CS call
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 3G, but remains in LTE.
As discussed in previous contributions ([5], [6]), it is proposed to limit the impacts to UE and E-UTRAN, i.e. RRC only signalling changes and eNB based configuration/control.

Fig. 2 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 setup, to send ESR.

[image: image2]
Fig.2 - An idle UE in LTE initiating a (MO/MT) CS call
As highlighted in the picture (in red), the main LTE signalling changes, compared to legacy CSFB, are:

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

· eNB configuration/authorization signalling, to the UE, via RRC release
After RRC release, while UE proceeds with CS call setup in 3G, 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 3C PS domain, thus not triggering a PS IRAT change in EPC).
At CS call end, and redirection to LTE, UE should perform a (legacy) combined TAU procedure, to re-establish CSFB paging via MME.

A PS connected UE in LTE initiating a (MO/MT) CS call
In this scenario, the UE is LTE connected, with an ongoing PS/Data-only call. CS paging goes, like CSFB, over dedicated LTE signalling.

In case of a MO/MT CS call, the procedure is similar to legacy CSFB, with the exception that PS does not fallback to 3G. Furthermore, concurrent CS+PS operation will be triggered. 

As discussed in previous contributions ([5], [6]), it is proposed to limit the impacts to UE and E-UTRAN, i.e. RRC only signalling changes and eNB based configuration/control.

Fig. 3 shows the MO CS call; for MT, the 1st step (not shown) is UE dedicated paging (from MSC through MME/eNB); then the signalling flow is the same, starting from ESR (RRC is already setup).
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Fig.3 – A PS connected UE in LTE initiating a (MO/MT) CS call

As highlighted in the picture (in red), the main LTE signalling changes, compared to legacy CSFB, are:

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

· No LTE RRC release; PS remains connected in LTE (UE and EPC). RRC release is replaced by e.g. RRC reconfiguration, carrying eNB configuration/authorization signalling, to the UE. 
· (LTE) Signalling/triggers for concurrent operation start/end

· Start: dedicated UE-to-eNB (RRC) indication when CS RAB is setup

· End: dedicated UE-to-eNB (RRC) indication at CS call release, or implicit stop at LTE PS/RRC release. 
No impacts expected to MME/EPC.
Note: for UE-NB dedicated RRC indication at CS call start/end, one can consider re-using existing LTE signalling, e.g. new IE/coding in IDC messages. CS call end may also be signalled via other UL RRC messages, e.g. as part of the legacy (combined) TAU procedure, to re-establish CSFB paging via MME.

More details on the concurrent CS+PS operation, e.g. on UL Tx sharing and specific radio interface aspects, are provided in sec 2.2.
A CS connected UE in UMTS initiating a (MO/MT) PS call
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.

In case of a MO/MT PS call (over LTE), concurrent CS+PS operation will be triggered.
As discussed in previous contributions ([5], [6]), it is proposed to limit the impacts to UE and E-UTRAN, i.e. RRC only signalling changes and eNB based configuration/control.

Fig. 4 shows the MO PS call case; for MT, the 1st step (not shown) is UE paging over LTE (from SGW/MME/eNB); then the signalling flow is the same, starting from LTE RRC connection setup.
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Fig. 4 – A CS connected UE in UMTS initiating a (MO/MT) PS call

As highlighted in the picture (in red), the main LTE signalling changes, compared to a legacy LTE PS call setup, are:

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

· (LTE) Signalling for concurrent operation start/end
· Start: part of LTE RRC/E-RAB setup 
· End: dedicated UE-to-eNB (RRC) indication at CS call release, or implicit stop at LTE PS/RRC release. 
No impacts expected to MME/EPC.
Note: for UE-NB dedicated RRC indication at CS call end, one can consider re-using existing LTE signalling, e.g. new IE/coding in IDC messages or other UL RRC messages (e.g. as part of the combined TAU procedure, to re-establish CSFB paging via MME).

More details on the concurrent CS+PS operation, e.g. on UL Tx sharing and specific radio interface aspects, are provided in sec 2.2.
2.2 Concurrent CS and PS operation – UL Tx-sharing and radio aspects 
This section provides more details on some radio aspects related to concurrent operation for dual-Rx single-Tx capable UEs, e.g. covering UL Gaps for initial (concurrent) CS or PS call setup, Timing configuration / alignment during CS and PS concurrent data transfer, Single UL Tx Sharing at the PHY layer.
UL Gaps for initial (concurrent) CS or PS call setup

Two cases can be distinguished (already described above):

A) A PS connected UE in LTE initiating a MT/MO CS call: As shown in Fig.4, CS call setup in 3G is concurrent with an ongoing PS call in LTE. In this case it is assumed that proper UL gaps (e.g. large C-DRX) or temporary PS suspension can be set/allowed, to minimize impacts to 3G RRC/CS connection latency. 
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Fig. 5 – A PS connected UE in LTE initiating a MT/MO CS call

B) A CS connected UE in UMTS initiating a (MO/MT) PS call: As shown in Fig.5, PS call setup in LTE is concurrent with an ongoing CS call in 3G. In such case, it is assumed that the UE will use the 10ms UL gaps during Enhanced-DCH operation to setup-up the PS call. The only expected impact is some potential (and small/acceptable) PS setup delay.

[image: image6]
Fig. 6 – A CS connected UE in UMTS initiating a (MO/MT) PS call
Timing configuration / alignment during CS and PS concurrent data transfer
Regarding Timing alignment aspects, it is assumed that a certain time alignment is required to efficiently operate in UL-Tx sharing mode between UTRAN and E-UTRAN. As already discussed during the study ([3], [7]) , 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 UTRAN (via existing or new time-offset triggers/indications). 

Fig. 7 and 8 show how timing configuration/alignment is expected to work, for the two above mentioned cases (CS/PS call setup triggering concurrent operation). The general principle is that 

· eNB firstly configures the (C-DRX) UL gaps pattern for the LTE PS link; 
· afterwards, UE signals to RNC proper time information (e.g. DPCH frame offset) for aligning Enhanced-DCH  frame timing
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Fig. 7 – A PS connected UE in LTE initiating a MT/MO voice call

[image: image8]
Fig. 8 – A CS connected UE in UMTS initiating a (MO/MT) PS call
Note: regarding time adjustment signalling and handling in UTRAN, it is expected to work similarly as the case of two asynchronous cells in UMTS, and can re-use existing measurement/reporting events (6x, for example).
Single UL Tx-Sharing aspects
As said above, the 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 C-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 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, e.g. relying on 

· Proper C-DRX parameter values (e.g. ShortDRXCycle 20ms, OnDuration 10ms, InactivityTimer 0, etc.)
· Proper CSI, SR, SRS configuration and transmission 

At the PHY layer, an illustrative example of possible timing and alternate UL Tx data transfer is shown in Fig. 9.

[image: image9]
Fig.9 – Example of alternating 10ms UL transmissions on LTE and WCDMA
The above scheme assumes aligned UL timing for LTE and WCDMA. As described earlier, time alignment can be achieved e.g. by proper DPCH frame offset reporting and adjustment on WCDMA (at/after call setup, and/or during the concurrent data transfer). UE compares its UL timing on LTE and WCDMA and indicates required DPCH frame offset to UTRAN. 
DPCH frame offset controls WCDMA UL timing with 256-chips granularity, and can be used to achieve fine UL timing control on WCDMA resulting in 128 chips (< 0.5 LTE symbol) worst case misalignment between LTE and WCDMA UL timing (which may resolved by simply disabling one extra subframe on LTE (i.e. OnDuration = 9ms). 
2.3 Other considerations
This section adds few more considerations on the proposed solution and mechanisms (proposed/described above), e.g. on performance aspects, implementation and specification impacts.
2.3.1 Performance aspects
Few main performance aspects are summarized below:

LTE camping and CS-only fallback to 3G
· Preserves UE battery, as legacy CSFB, e.g. compared to dual-standby monitoring for a (potential) CS MT page over 3G
· Preserves MO/MT CS call setup latency, expected to be as good as legacy CSFB; some enhancement can be considered, if desired (e.g. direct CS setup in 3G, without sending ESR in LTE)
· It simplifies PS/data handling, preserving the LTE PS context/bearer: no LTE release/suspension and IRAT transitions due to CS call fallback to 3G
UL-TX Sharing during concurrent CS+PS operation
· It can rely on enhanced-DCH and C-DRX (10ms) UL gaps capabilities; UL timing alignment can be controlled efficiently (UE/UTRAN)
· No relevant impacts expected to CS performance (DCH enhancements)
· PS data performance would be constrained by Enhanced-DCH UL DTX gaps. Impacts to Data Tput and PS setup/signalling latency (during a CS call) should be marginal
Mobility
Overall, no significant impacts expected:

· Idle CS and PS mobility should be the same as legacy (LTE camping)

· Connected mobility

· 3G CS-connected only (LTE Idle): UE dual-Rx enables independent LTE Idle monitoring/ operation 

· LTE PS connected only: CS works as legacy CSFB
· CS&PS connected: Independent 3G & LTE connected mode & mobility operation

· Mobility signaling will be subject to UL Tx gaps (10ms) 
· IRAT measurements/mobility can still be supported 
Falling back to legacy CSFB / 3G mRAB operation
Standard may define performance/signalling conditions and triggers allowing UE/RAN to fallback to legacy CS/PS operation.
2.3.2 Implementation and specification impacts
As described in the previous section, the proposed solution and enhancements, based on RAN-controlled CS-only fallback and concurrent operation with dual Rx/UL-Tx sharing, can provide minimal impacts to specs and UE/NW implementation. A short summary is provided below.
Core Network/NAS: No impacts expected to 3G-CN, LTE-EPC and NAS.
UE
Single UL-TX sharing and single stand-by minimize UE impacts/cost
New (standard) functionalities: 
· CS-only CSFB operation
· Concurrent 3G CS and LTE PS operation, with UL time alignment/gaps handling
· Minor LTE RRC signaling changes, e.g. RRC capability and few other signalling indications
RAN
UTRAN:

· Negligible impacts; time adjustment for enhanced-DCH during UL-TX sharing can re-use legacy UTRAN signalling/procedures
E-UTRAN: 
· Minor changes to CSFB procedure/signalling

· Minor RRC impacts, e.g. RRC capability/control signaling
· C-DRX based concurrent operation with UL-TX sharing.

3. Conclusions

This paper has provided further description and considerations for the solution Concurrent PS/CS Operation with Dual Rx/Single TX UE, based on LTE camping, e.g. related to procedures and signalling in different use cases, concurrent operation over the radio interface, qualitative performance aspects, implementation and standard impacts.

A Text Proposal is also provided (in Annex), for capturing some solution description and other considerations in the study TR.

Proposal: Consider the solution description provided above, and discuss/agree on a suitable TR text proposal. 
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Annex – Text Proposal
============================== START =================================

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

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:

- LTE camping: 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.

In case of LTE camping, UE follows legacy E-UTRAN idle procedures, including monitoring for CS paging coming through LTE (like legacy CSFB). 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)
In such scenario (LTE Idle), PS call setup and connectivity follow legacy LTE procedures and operation. 

< NEW SECTIONS>
7.3.1.x
Signalling flows

An idle UE in LTE initiating a (MO/MT) CS call
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 3G, but remains in LTE.

Fig. 2 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 setup, to send ESR.
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Fig.2 - An idle UE in LTE initiating a (MO/MT) CS call

As highlighted in the picture (in red), the main LTE signalling changes, compared to legacy CSFB, are:

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

· eNB configuration/authorization signalling, to the UE, via RRC release
After RRC release, while UE proceeds with CS call setup in 3G, 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 3C PS domain, thus not triggering a PS IRAT change in EPC).

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

A PS connected UE in LTE initiating a (MO/MT) CS call
In this scenario, the UE is LTE connected, with an ongoing PS/Data-only call. CS paging goes, like CSFB, over dedicated LTE signalling. In case of a MO/MT CS call, the procedure is similar to legacy CSFB, with the exception that PS does not fallback to 3G. Furthermore, concurrent CS+PS operation will be triggered. 

Fig. 3 shows the MO CS call; for MT, the 1st step (not shown) is UE dedicated paging (from MSC through MME/eNB); then the signalling flow is the same, starting from ESR (RRC is already setup).
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Fig.3 – A PS connected UE in LTE initiating a (MO/MT) CS call

As highlighted in the picture (in red), the main LTE signalling changes, compared to legacy CSFB, are:

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

· No LTE RRC release; PS remains connected in LTE (UE and EPC). RRC release is replaced by e.g. RRC reconfiguration, carrying eNB configuration/authorization signalling, to the UE. 

· (LTE) Signalling/triggers for concurrent operation start/end

· Start: dedicated UE-to-eNB (RRC) indication when CS RAB is setup

· End: dedicated UE-to-eNB (RRC) indication at CS call release, or implicit stop at LTE PS/RRC release. 
No impacts expected to MME/EPC.
Note: for UE-NB dedicated RRC indication at CS call start/end, one can consider re-using existing LTE signalling, e.g. new IE/coding in IDC messages. CS call end may also be signalled via other UL RRC messages, e.g. as part of the legacy (combined) TAU procedure, to re-establish CSFB paging via MME.

More details on the concurrent CS+PS operation, e.g. on UL Tx sharing and specific radio interface aspects, are provided later.

A CS connected UE in UMTS initiating a (MO/MT) PS call
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. In case of a MO/MT PS call (over LTE), concurrent CS+PS operation will be triggered.

Fig. 4 shows the MO PS call case; for MT, the 1st step (not shown) is UE paging over LTE (from SGW/MME/eNB); then the signalling flow is the same, starting from LTE RRC connection setup.
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Fig. 4 – A CS connected UE in UMTS initiating a (MO/MT) PS call

As highlighted in the picture (in red), the main LTE signalling changes, compared to a legacy LTE PS call setup, are:

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

· (LTE) Signalling for concurrent operation start/end

· Start: part of LTE RRC/E-RAB setup 

· End: dedicated UE-to-eNB (RRC) indication at CS call release, or implicit stop at LTE PS/RRC release. 
No impacts expected to MME/EPC.
Note: for UE-NB dedicated RRC indication at CS call end, one can consider re-using existing LTE signalling, e.g. new IE/coding in IDC messages or other UL RRC messages (e.g. as part of the combined TAU procedure, to re-establish CSFB paging via MME).

More details on the concurrent CS+PS operation, e.g. on UL Tx sharing and specific radio interface aspects, are provided later.
7.3.1.y
Operation over the radio interface 
This section provides more details on some radio aspects related to concurrent operation for dual-Rx single-Tx capable UEs, e.g. covering UL Gaps for initial (concurrent) CS or PS call setup, Timing configuration / alignment during CS and PS concurrent data transfer, Single UL Tx Sharing at the PHY layer.
UL Gaps for initial (concurrent) CS or PS call setup

Two cases can be distinguished (already described above):

A) A PS connected UE in LTE initiating a MT/MO CS call: As shown in Fig.4, CS call setup in 3G is concurrent with an ongoing PS call in LTE. In this case it is assumed that proper UL gaps (e.g. large C-DRX) or temporary PS suspension can be set/allowed, to minimize impacts to 3G RRC/CS connection latency. 
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Fig. 5 – A PS connected UE in LTE initiating a MT/MO CS call

B) A CS connected UE in UMTS initiating a (MO/MT) PS call: As shown in Fig.5, PS call setup in LTE is concurrent with an ongoing CS call in 3G. In such case, it is assumed that the UE will use the 10ms UL gaps during Enhanced-DCH operation to setup-up the PS call. The only expected impact is some potential (and small/acceptable) PS setup delay.
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Fig. 6 – A CS connected UE in UMTS initiating a (MO/MT) PS call

Timing configuration / alignment during CS and PS concurrent data transfer

Regarding Timing alignment aspects, it is assumed that a certain time alignment is required to efficiently operate in UL-Tx sharing mode between UTRAN and E-UTRAN. 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 UTRAN (via existing or new time-offset triggers/indications). 

Fig. 7 and 8 show how timing configuration/alignment is expected to work, for the two above mentioned cases (CS/PS call setup triggering concurrent operation). The general principle is that eNB firstly configures the (C-DRX) UL gaps pattern for the LTE PS link; afterwards, UE signals to RNC proper time information (e.g. DPCH frame offset) for aligning Enhanced-DCH frame timing.
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Fig. 7 – A PS connected UE in LTE initiating a MT/MO voice call
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Fig. 8 – A CS connected UE in UMTS initiating a (MO/MT) PS call

Note: regarding time adjustment signalling and handling in UTRAN, it is expected to work similarly as the case of two asynchronous cells in UMTS, and can re-use existing measurement/reporting events (6x, for example).
Single UL Tx-Sharing aspects
As said above, the 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 C-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 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 

At the PHY layer, an illustrative example of timing and alternate UL Tx data transfer is shown in Fig. 9.
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Fig.9 – Alternating 10ms UL transmissions on LTE (FDD) and WCDMA
The above scheme assumes aligned UL timing for LTE and WCDMA. 
As described earlier, time alignment can be achieved e.g. by proper DPCH frame offset reporting and adjustment on WCDMA (at/after call setup, and/or during the concurrent data transfer). UE compares its UL timing on LTE and WCDMA and indicates required DPCH frame offset to UTRAN. 
DPCH frame offset controls WCDMA UL timing with 256-chips granularity, and can be used to achieve fine UL timing control on WCDMA resulting in 128 chips (< 0.5 LTE symbol) worst case misalignment between LTE and WCDMA UL timing (which may resolved by simply disabling one extra subframe on LTE (i.e. OnDuration = 9ms). 
2.3 Other considerations

This section adds few more considerations on the proposed solution and mechanisms (proposed/described above), e.g. on performance aspects, implementation and specification impacts.
2.3.1 Performance aspects
Few main performance aspects are summarized below:

LTE camping and CS-only fallback to 3G
· Preserves UE battery, as legacy CSFB, e.g. compared to dual-standby monitoring for a (potential) CS MT page over 3G

· Preserves MO/MT CS call setup latency, expected to be as good as legacy CSFB; some enhancement can be considered, if desired (e.g. direct CS setup in 3G, without sending ESR in LTE)

· It simplifies PS/data handling, preserving the LTE PS context/bearer: no LTE release/suspension and IRAT transitions due to CS call fallback to 3G

UL-TX Sharing during concurrent CS+PS operation

· It can rely on enhanced-DCH and C-DRX (10ms) UL gaps capabilities; UL timing alignment can be controlled efficiently (UE/UTRAN)

· No relevant impacts expected to CS performance (DCH enhancements)

· PS data performance would be constrained by Enhanced-DCH UL DTX gaps. Impacts to Data Tput and PS setup/signalling latency (during a CS call) should be marginal

Mobility
Overall, no significant impacts expected:

· Idle CS and PS mobility should be the same as legacy (LTE camping)

· Connected mobility

· 3G CS-connected only (LTE Idle): UE dual-Rx enables independent LTE Idle monitoring/ operation 

· LTE PS connected only: CS works as legacy CSFB
· CS&PS connected: Independent 3G & LTE connected mode & mobility operation

· Mobility signaling will be subject to UL Tx gaps (10ms) 
· IRAT measurements/mobility can still be supported 
Falling back to legacy CSFB / 3G mRAB operation
Standard may define performance/signalling conditions and triggers allowing UE/RAN to fallback to legacy CS/PS operation.
2.3.2 Implementation and specification impacts
As described in the previous section, the proposed solution and enhancements, based on RAN-controlled CS-only fallback and concurrent operation with dual Rx/UL-Tx sharing, can provide minimal impacts to specs and UE/NW implementation. A short summary is provided below.
Core Network/NAS: No impacts expected to 3G-CN, LTE-EPC and NAS.

UE

Single UL-TX sharing and single stand-by minimize UE impacts/cost

New (standard) functionalities: 

· CS-only CSFB operation

· Concurrent 3G CS and LTE PS operation, with UL time alignment/gaps handling

· Minor LTE RRC signaling changes, e.g. RRC capability and few other signalling indications

RAN
UTRAN:

· Negligible impacts; time adjustment for enhanced-DCH during UL-TX sharing can re-use legacy UTRAN signalling/procedures
E-UTRAN: 

· Minor changes to CSFB procedure/signalling

· Minor RRC impacts, e.g. RRC capability/control signaling
C-DRX based concurrent operation with UL-TX sharing.

============================== END =================================
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