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1 Introduction

UEs camped or connected in UTRAN can perform inter-RAT re-selection to E-UTRAN while being in IDLE, URA_PCH or CELL_PCH state. Re-selection in CELL_FACH and CELL_DCH is currently not specified. 

Depending on the traffic mix (“chatty laptop” with email programs, Skype, Virus scanners or even VPN connections) IP packets arrive every few seconds. It is being observed in existing networks that UEs running such traffic don’t re-select to E-UTRAN. Certainly, this effect is caused by the rare and short periods of time during which the UE actually leaves CELL_DCH/CELL_FACH.
We analyze in this document the existing reselection requirements for UEs being in URA_PCH, CELL_PCH or IDLE. We explain how ambiguities in 25.133 [5] may result in different UE implementations and show that this may have a significant impact on the probability for successful reselection to E-UTRAN. We discuss whether sharpening the RAN4 requirements could ensure good enough reselection performance but conclude that reselection to E-UTRAN from CELL_FACH is simpler and more reliable. 
2 Reselection Requirements according to 25.133

According to 25.133 [5] section A.4.5.1.2 the re-selection from UTRAN (URA_PCH, CELL_PCH or IDLE) to E-UTRAN may take up to 81 seconds. This could be interpreted as if a UE needs to be in URA_PCH, CELL_PCH or IDLE continuously for that time to find and reselect to E-UTRAN. However, the long delay (81 sec) in the high priority UTRA->E-UTRA idle mode cell reselection test is to allow UEs searching higher priority layers seldom in order to reduce the battery consumption.

2.1 Search rate

25.133 specifies how often the UE shall attempt to find higher priority cells and it states the following requirements regarding reselection to E-UTRAN: 
1) “… the UE shall search for E-UTRA layers of higher priority at least every Thigher_priority_search” ([5], section 4.2.2.5a Measurements of inter-RAT E-UTRA cells).
2) “Thigher_priority_search is defined as (60 * Nlayers) seconds” ([5], section 4.2.2)

3) “NOTE: In CELL_FACH state, there are no requirements for inter-RAT reselection to an E-UTRAN cell.” ([5], section 5.5.2 Requirements)

In the following sub-sections we analyze three possible interpretations of these statements and show why they result in very different reselection performance. 

2.1.1 Interpretation 1: Once every Thigher_priority_search seconds if in suitable state

A UE vendor could interpret the above mentioned requirements so that E-UTRAN cells are searched periodically every Thigher_priority_search seconds if the UE happens to be in IDLE, URA_PCH or CELL_PCH at those occurrences. If the UE happens to be in CELL_FACH or CELL_DCH at a candidate search occasion it skips the search and performs the next search in Thigher_priority_search seconds (60s) the earliest. 
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Figure 1: E-UTRAN measurement at pre-defined occasions if the UE happens to be in IDLE, URA_PCH or CELL_PCH.

As can be seen in Figure 1, this interpretation of 25.133 in combination with the expected traffic patterns makes it pretty unlikely that a candidate search occasion coincides with the UE being in URA_PCH state. This strategy results in significantly less searches than what appears to be intended by the statements cited above (every 60 seconds). 

We therefore think that this is not the preferred interpretation. However, based on what we and operators have observed life networks, we could imagine that current UE implementations are based on this interpretation.

2.1.2 Interpretation 2: Thigher_priority_search seconds after entering a suitable state

It may also be possible to interpret 25.133 in a way that the UE is required to perform an E-UTRA search no later than Thigher_priority_search seconds after entering a suitable state (IDLE; URA_PCH or CELL_PCH). 
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Figure 2: Interpretation 2 - No later than Thigher_priority_search after entering a suitable state
Obviously, this is interpretation makes it even less likely that the UE gets a chance to perform a measurement while being in a suitable state (IDLE, URA_PCH or CELL_PCH). With traffic patterns generated by a typical PC configuration it is very unlikely that a UE would ever stay in a suitable RRC state for Thigher_priority_search and be able to perform a search. 

Based on this evaluation we conclude that this strategy is certainly not suitable for ensuring reasonable reselection performance. However, we have also no indication that this strategy is being applied by any existing UE implementation. 

2.1.3 Interpretation 3: Once every Thigher_priority_search seconds if in suitable state or as soon as entering a suitable state Thigher_priority_search seconds after the most recent measurement 

This interpretation of 25.133 could be considered an extension of Interpretation 1 (see section 2.1.1). Instead of skipping a search attempt when determining that the UE is not in a suitable state, the UE delays the search until it enters a suitable state. The obvious benefit of this approach is that the UE gets a chance to perform a measurement even if it enters URA_PCH only rarely and even if it stays there only for a limited time. 
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Figure 3: Once every Thigher_priority_search seconds if in suitable state or as soon as entering a suitable state Thigher_priority_search seconds after the most recent measurement.

Figure 3 depicts how the UE performs a search upon entering URA_PCH. In the first search (orange) it does not find a suitable E-UTRAN cell and consequently it stays in UTRA. Due to subsequent traffic it re-enters CELL_FACH (or CELL_DCH). In this example, ongoing packet transmissions (inter-arrival times shorter than state-switch timers) prevent the UE from entering URA_PCH or IDLE for about 100 seconds after the most recent search. At that point in time it immediately performs a new search during which it happens to find E-UTRAN coverage (green). 

One should note that with this interpretation the search requirements never exceed one search per layer per 60 seconds. This search rate is reached only when the UE is continuously in URA_PCH, CELL_PCH or IDLE. Being in CELL_FACH or CELL_DCH for a fraction of the time increases the time in between to consecutive searches. Consequently, this interpretation does not result in higher battery consumption compared to what has (probably) been assumed when agreeing on “Thigher_priority_search is defined as (60 * Nlayers) seconds”. 

A corresponding UE implementation should remember the time when the last search on a layer (carrier) was completed without finding a suitable E-UTRAN cell. If the search was interrupted due to leaving the state (e.g. transition to CELL_DCH) before completing the search, the remembered time should not be updated. The UE should perform the next search upon entering a suitable state only if the last completed search was more than Thigher_priority_search seconds ago.
2.2 Search duration

We believe that a single E-UTRAN cell search attempt could reveal a suitable cell already after a few hundred milliseconds in good EUTRA coverage. However, according to 25.133 “The UE shall filter RSRP measurements of each measured E-UTRA cell using at least 2 measurements. Within the set of measurements used for the filtering, at least two measurements shall be spaced by at least (Kcarrier * Tmeasure,EUTRA)/2.”. Consequently, when the DRX cycle is set to 160 ms the UE has to perform at least two measurements spread over at least 1.28 seconds. Based on this, a search attempt (with 2 or a few measurements) could be completed in about 1.5 seconds. But 25.133 also states that, “the filtering shall be such that the UE shall be capable of evaluating that the E-UTRA cell has met reselection criterion defined TS 36.304 within Kcarrier * TevaluateEUTRA as specified in table 4.2”. For 160 ms DRX cycle, TevaluateEUTRA is 7.68 seconds. For larger DRX cycles TevaluateEUTRA increases to 15.36 or even 19.2 seconds. 

With the highest possible DRX cycle (TevaluateEUTRA = 19.2s) the cell search and reselection, once started, is assumed to take up to 21 seconds according to 25.133 (resulting in 81s including Thigher_priority_search). 
We think that this reselection performance is far from the technology potential and it would seem possible to sharpen the requirements so that the physical layer cell search is completed within a few seconds (once started). 

2.3 Reselection performance according to existing requirements
We think that an implementation following the principles outlined in sections 2.1.3 in combination with sharpened measurement requirements (see section 2.2) and fast state transition to URA_PCH, CELL_PCH or IDLE could enable reselection to a higher priority E-UTRAN cell for many traffic patterns. 

However, if we stick to the current RAN4 search requirements, we must accept that UE implementations will use (almost) as much time for the cell search as they are allowed to use. When a large DRX cycle is configured, UEs would have to be continuously in a suitable state (URA_PCH, CELL_PCH or IDLE) for 20 seconds in order to ensure that the reselection is successful. This is likely to prevent UEs from reselecting to a higher priority E-UTRAN cell when facing traffic patters as generated by typical PC configurations. Note that the idle period between consecutive IP packet transmissions would also need to leave room for the state transition to URA_PCH or CELL_PCH. Even with aggressive timer settings this transition will take a few seconds. 
Proposal 1 Agree that reselection from URA_PCH, CELL_PCH or IDLE according to the minimum allowed RAN4 requirements is unlikely to succeed with expected laptop traffic profiles. 

The probability for successful reselection from UTRAN to E-UTRAN could be increased significantly by sharpening the interpretation of Thigher_priority_search (as outlined in section 2.1.3) as well as the EUTRA search performance requirements (see section 2.2). However, less aggressive state transition settings (keeping the UE in CELL_FACH for a few seconds) or applications with a high activity level could still prevent reselection.

Proposal 2 Agree that sharpened RAN4 requirements would increase the reselection success rate but that it would not ensure successful reselection from URA_PCH, CELL_PCH or IDLE for all traffic patterns and commonly used RRC state transition strategies. 

3 Reselection from CELL_FACH to E-UTRA

As explained in section 2 we think that even sharpened reselection requirements in 25.133 in combination with fast state transition settings cannot ensure successful reselection to E-UTRAN. E.g. some VPN implementations but also other applications sending packets every few seconds are likely to prevent UEs from entering CELL_PCH, URA_PCH or IDLE or from staying there for long enough to perform and complete the measurements and the re-selection. 

In order to ensure that a UE can re-select to E-UTRAN for all traffic patterns and for all state-transition strategies, we suggest introducing re-selection from CELL_FACH (see also [1]

 REF _Ref288121712 \n \h 
[2]

 REF _Ref288121713 \n \h 
[3]

 REF _Ref288121714 \n \h 
[4]).  
Proposal 3 UEs shall measure higher priority E-UTRAN cells while in CELL_FACH state.
To remove present ambiguities and to ensure successful reselection also for UEs that frequently enter CELL_DCH, we suggest to clarify the interpretation of Thigher_priority_search in 25.133 as outlined in section 2.1.3. 
Proposal 4 Send an LS to RAN4 suggesting to clarify the interpretation of Thigher_priority_search in 25.133 which would increase the probability for successful reselection from CELL_FACH, URA_PCH, CELL_PCH and IDLE. 
It may furthermore be necessary or at least beneficial to sharpen the measurement requirements in 25.133 (see section 2.2). We propose to discuss this also in RAN4.
Proposal 5 The LS to RAN4 should also suggest revisiting and potentially sharpening measurement requirements for reselection to EUTRA in 25.133.
4 Conclusion

Based on the discussion in this document we propose the following:

Proposal 1
Agree that reselection from URA_PCH, CELL_PCH or IDLE according to the minimum allowed RAN4 requirements is unlikely to succeed with expected laptop traffic profiles.
Proposal 2
Agree that sharpened RAN4 requirements would increase the reselection success rate but that it would not ensure successful reselection from URA_PCH, CELL_PCH or IDLE for all traffic patterns and commonly used RRC state transition strategies.
Proposal 3
UEs shall measure higher priority E-UTRAN cells while in CELL_FACH state.
Proposal 4
Send an LS to RAN4 suggesting to clarify the interpretation of Thigher_priority_search in 25.133 which would increase the probability for successful reselection from CELL_FACH, URA_PCH, CELL_PCH and IDLE.
Proposal 5
The LS to RAN4 should also suggest revisiting and potentially sharpening measurement requirements for reselection to EUTRA in 25.133.
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