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1. Introduction

After the RAN2, RAN3, SA2 joint meeting in Denver ruled out solutions (a), (b) and (e), several solutions were further excluded in the SA2 SAE Ad hoc meeting in Paris. It was agreed that Solution i) was considered to be an implementation issue and solutions d) f) and g) should be further discussed.
All of the three remaining solutions handle URA_PCH as inactive state so that URA_PCH state UE just like idle state UE need not initiate update/registration on moving to E-UTRA. This contribution aims to make a comparison between handing URA_PCH state as “active” state and “inactive” state.

2. Discussion

After registration in 2G/3G and SAE, the idle mode UE won’t initiate update/registration signalling when moving between the registered E-UTRA area and UTRA area. If URA_PCH is handled as “inactive”, the URA_PCH state UE is treated like in idle mode, also won’t initiate signalling when moving into E-UTRA. 
To page and send packets to UE, UPE would keep two flags to indicate the UE is active or idle in E-UTRA and UTRA: “E-UTRA active or not” and “UTRA active or not”. If both of them are “idle”, the UE would be paged in the LERA. If one of them is “active”, the data would be sent to the RAN.
The information “E-UTRA active or not” is easy to get by whether the tunnel between the UPE and the ENB exists or not. But the information “UTRA active or not” is not so easy to get. To page the UE correctly, there are two ways to achieve it:
a) synchronous mode:
Whenever the UE turns to PMM_IDLE state, the SGSN informs MME/UPE; and whenever the UE moves in URA_PCH state, the SRNC informs MME/UPE (via SGSN), so that the UPE gets “UTRA active or not” as “idle” synchronously. When downlink data arrive at the UPE, the MME/UPE starts paging in E-UTRA and the MME/UPE requests the SGSN to page the UE if the UE’s “UTRA active or not” and “E-UTRA active or not” both are “idle”. In case the UE responses in UTRA, the UPE set “UTRA active or not” as “active”.
b) asynchronous mode:
Although the UE moves in PMM_IDLE or URA_PCH state, the MME/UPE may not know about it and the “UTRA active or not” is still “active”. When downlink data arrive at the UPE, the UPE send data to the SGSN. In case the UE is in PMM_IDLE state, the SGSN pages the UE in UTRA and return copy data to the UPE to indicate it to page the UE in E-UTRA. In case the UE is in URA_PCH state, the SGSN send data to SRNC, and the SRNC return copy data to the UPE (via SGSN) to indicate it to page the UE in E-UTRA. If the UE responses paging in E-UTRA, “UTRA active or not” will be set “idle”.
In summary, in the existing UMTS network, the core network is unaware of the UE’s RRC state(e.g.URA-PCH), so, if URA_PCH is handled as “inactive”, to page the UE correctly, there would be extra complexity and modifications to the existing networks including both SGSN and RNC. While modifications on RNC are very costly because there are much larger mount of RNCs than SGSNs. 
Besides, the URA_PCH UE’s paging area is quite large if URA_PCH is handled as “inactive” because the MME will also page the UE in the E-UTRA coverage at the same time.

Considering the drawbacks, we analyze the pros and cons of handling URA_PCH as “active”.

If URA_PCH is handled as “active”, the URA_PCH state UE would initiate update procedure on entering to E-UTRA (when and how the UE then turns to LTE-IDLE state is FFS), at the same time the SGSN sets the UE in PMM_IDLE state. As a result, the UE in URA_PCH state would only be paged in coverage of URA. The paging area of the UE in URA_PCH state is greatly reduced without any modifications on the legacy RNC and RANAP. In other side, handling URA_PCH as “active” has the following drawbacks:

· Update procedure is required which is the main issue for the idle mode mobility between E-UTRA and UTRA. But the cause of update procedure can be regarded as changing a URA, and the frequent unnecessary signalling at the border won’t happen because the URA_PCH state UE will turn to LTE-IDLE and PMM_IDLE afterward and won’t initiate signalling when moving between the registered UTRA area and E-UTRA area.

· The update procedure might cause Iu-PS released, which restrain fast reconnection of the UE's data flow if the UE later returns to UTRA 

As described in [1], update/registration signalling and paging resource are always a trade-off. With the above comparison, we conclude handling URA_PCH as “active” and “inactive” both have some benefits and drawbacks. The former one reduces the paging area while increases update signalling; and the other one helps to avoid update signalling but might consume more paging resource and has impacts on the legacy RAN. Each of them benefits one side of the coin. While considering handling URA_PCH as “active” only causes once update but could save the paging area of the URA_PCH UE and has no impacts on the legacy RAN, we prefer the solution of handling URA_PCH as “active”.
3. Conclusion

The contribution compares handling URA_PCH as active and inactive. Handling URA_PCH as inactive has some drawbacks such as bigger paging area and modifications on legacy RNC, but the URA_PCH state UE does not need to initiate update on entering to E-UTRA. On the contrary, handling URA_PCH as active needs UE initiate update on entering to E-UTRA while reduces the paging area of the UE in URA_PCH state without modifications on legacy RAN. Comparing the pros and cons, we prefer handling URA_PCH as “active”.

4. Text Proposal

/***********************************Start of Change*********************************************/

7.6.3
Selected Solution(s)

As they are currently described, potential solutions a, b and e do not provide sufficient limitation of mobility related signalling during inter-RAT cell re-selection in idle state. Potential solutions a, b and e are hence ruled out.

Following TSG-RAN decisions on the nature of the LTE-RAN architecture, potential solution c is ruled out.

Owing to the working assumption on UTRA-LTE handover, potential solution h is ruled out.

Potential solution i, "combined MME/SGSN" does not meet all operational requirements. However the adopted solution should not prevent the implementation of a combined MME/SGSN.

It is agreed that the selected solution should be developed using a standardised signalling interface between MME and SGSN. Potential solutions d, f and g all contain information that should be considered when developing one unified solution.
It is agreed that URA_PCH state should be handled as "active" mode, which is not supported in the limiting idle mode signalling solution. 

It is agreed that PMME_IDLE, GPRS Standby and LTE_IDLE state should be supported in the limiting idle mode signalling solution.
/**************************************End of Change*********************************************/
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