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1. Introduction
Higher priority reselections were discussed in RAN4#46bis, for example in  [1] ,[2] and [3]. The purpose of this contribution is to address the issues discussed, and propose a way forward for defining requirements for higher priority reselections.

2. Discussion

Considering the need to search for higher priority cells in the priority based reselection algorithm for E-UTRAN even when then serving cell level is good,  it can be seen that higher priority reselection requirements should be defined carefully to ensure competitive UE battery life in E-UTRAN compared with existing UTRAN implementations, especially considering that such higher priority searches are usually likely to be performed when the UE is already experiencing good radio conditions.
Should there be a layer specific search periodicity?

It seems that a general consensus has been reached in RAN4 that layer specific search periodicity is not required, and the same value could be used for all higher priority layers. For now, we take this as a working assumption to further progress the work.

Proposal : No layer specific search periodicity is necessary
What is the impact of higher priority search rate on UE power consumption?
We begin by considering the minimum amount of time that may be required to make a single attempt to search for a new cell. The amount of time would be required is both RAT and cell searcher implementation dependent but some considerations are as follows
· For LTE, the basic periodicity of P-SCH signals is 5ms, and similarly for S-SCH. Considering the need to perform frequency, symbol, slot and frame timing synchronisation it should be clear that 5ms is a lower limit on continuous reception time that would be required for synchronisation.
· There are some differences in UTRA synchronisation channel structure, specifically that P-SCH and S-SCH are transmitted every UTRA slot (0.66667us). Nevertheless, cell search involves a 3 stage process. For example at S-SCH detection phase several S-SCH symbols (slots)  need to be received to detect the scrambling code group with a sufficient Hamming distance. This means that similarly to E-UTRA case, a single shot search at UTRA cell search could be assumed to take some tens of ms.
· For GSM the situation might be somewhat better, because the absence of GSM cell can be detected by a very rapid RSSI measurement, and BSIC identification would only be needed for a newly detected cell if RSSI was detected. However, we do not expect that the situation where GSM is the highest priority RAT is a very normal one, and in any rate if we agree to have no layer specific periodicity then it may not be necessary to further consider GSM in the analysis, since it seems not to be the worst case from a power consumption point of view.

Next we consider the amount of time required for paging reception. Again, this is very much an implementation dependent issue since one significant aspect is that the receiver needs to be restarted after a period when it has been switched off, prior to data reception. Again, for the purposes of analysis we assume that it is possible to receive paging indication within one subframe (eg 1ms for E-UTRA) neglecting implementation effects such as the need for RF settling times and updating of receiver algorithms after a period of inactivity. Both this, and the 5ms assumed search time can be considered as optimistic estimates, but any needed implementation margins would tend to increase both values and the relative effect in power consumption may be similar to these optimistic values.

Considering for now some different possible higher layer search periodicities and some very rough power consumption estimation based on

· 1ms receiver activity for paging reception, once per DRX 

· 1.28s DRX cycle length

· 5ms receiver activity required every Thigher_priority_search gives the following 

	Thigher_priority_search (s)
	Receiver duty cycle for paging reception
	Receiver duty cycle for higher priority search
	Total duty cycle
	Power consumption delta to no higher priority search case

	15
	1/1280 = 0.078%
	0.0333%
	0.1113%
	42.7350%

	30
	1/1280 = 0.078%
	0.0167%
	0.0947%
	21.3675%

	60
	1/1280 = 0.078%
	0.0083%
	0.0863%
	10.6838%

	120
	1/1280 = 0.078%
	0.0042%
	0.0822%
	5.3419%

	∞
	1/1280 = 0.078%
	0%
	0.0078%
	0%


Table 1: Rough power estimation for different Thigher_priority_search
This table provides some justification for the higher priority search rate of Nlayers * 60s which was initially proposed by Nokia and Nokia Siemens Networks in [3]. Our view is that 10% power delta compared with the no higher priority search case might be the maximum which could be considered acceptable, when considering the need for competitive LTE standby time. The benefits of going to much longer higher priority search rates (for example 5+ minutes) will start to become rather marginal from a power consumption perspective as the returns diminish, where as the delay, for example when entering an LTE coverage hotspot will start to become rather noticeable. Our view is that Nlayers * 60s gives an acceptable tradeoff between increase in power consumption versus an acceptable user experience

Proposal :Higher priority layers are required to be searched at a minimum rate of Nlayers * 60s

Once the UE has detected cells of a higher priority layer, how should these be assumed to be monitored in successive measurements?
As noted in [1], it is not currently well defined in 36.133 if and how periodic measurements should be performed once cells are detected in higher priority searches.

We agree that some filtering of reselection measurements, as well as the possibility of a configurable time domain hysteresis (Treselection) is necessary to provide a reliable and accurate reselection mechanism especially if the target cell is close to the level that would trigger a reselection, and conditions are fading. Both L1 filtering and Treselection require that after a cell is detected, some additional measurements are made on it, such that it can be verified as a reliable target for reselection.
In [1] it was proposed that “The measurement period should be similar to the measurement period used for measuring lower priority cells when the UE is in poor coverage.” While we agree that the measurement rate, the minimum number of filter samples (currently [2]) and the evaluation period (currently [TBD]) could be rather similar or identical for both high priority cells and low priority cells (when in poor coverage), we believe it might be beneficial to consider that higher priority cells do not necessarily need to be measured continuously after they are detected, assuming that they do not trigger a reselection. At least minimum performance requirements could be based on the assumptions that

· Higher priority cells on layer M are searched for periodically (for example every Nlayers * 60s)
· Cells detected during this cell search are measured every Tmeasure for some subsequent time

· At least [2] samples spaced by at least Tmeasure/2 are filtered, and it is evaluated if reselection is triggered within Tevaluate (assuming Treselection = 0). The evaluation time would be extended by non zero Tevaluate
· If reselection has not occurred after evaluation, the UE is then not required to consider reselection to layer M until the next search opportunity
One justification for this approach is that there may be a large number of higher priority layers, and appropriate tuning of the higher priority reselection threshold might be to set it reasonably high, to minimise the likelihood of ping-pongs. Hence, we believe that it is entirely possible that a large number of higher priority cells are detected on a number of different frequency layers and RATs, even though these might very well not be immediate candidates for reselection.

 This approach avoids mandating continuous measurement of cells which might very well not trigger reselection. It should be remembered that in this scenario the serving cell level should be good, and the reselection will, in the worst case, only be delayed until the next period search on the layer. Since the periodical search rate should be sufficient from a user experience point of view, we believe this will ensure competitive UE power consumption.
Naturally, this is just proposed as a minimum requirement, and the UE may choose to monitor (and reselect to) higher priority layers more rapidly (eg by making a more continuous monitoring effort).

Proposal : After detecting a higher priority cell, further results should be measured and filtered in the same way as for a lower priority cell, until such time as it has been determined that reselection will not immediately occur. After such a determination, it is not necessary to continuously measure the higher priority layer.
Should the cell search for higher priority layers be fixed or configurable?

We believe that fixed cell detection time for higher priority layers is preferable, unless a very clear use case for configurability is identified. In the past in RAN4, eg in UTRA it has been possible to successfully fix other idle mode cell identification times which potentially have a strong impact to UE power consumption, and to find sensible values which provide a good tradeoff between performance and power consumption.

Proposal:Cell search for higher priority layers should be assumed to be fixed in RAN4.

How many higher and lower priority layers should the UE search for?

Our view is that there should not be separate restrictions for the number of higher priority, and the number of lower priority frequency layers that should be searched for. This level of flexibility seems necessary, because when the UE is camped on the lowest priority layer then all other layers will be higher priority layers, whereas if it moved to the highest priority layer, all other layers would be lower priority.

Therefore, for RAN4 measurement capabilities, we believe it makes sense to consider how many carriers are required to be supported in idle mode, without consideration of whether they are higher priority or lower priority. Regarding total number of carriers, and number of cells per carrier, we have a separate discussion paper in [4]
Proposal : There should be no separate restrictions on number of lower and higher priority layers, but only a restriction on the total number of layers and RATs which can be simultaneously configured in the UE. 
3. Conclusions
In this contribution, several open issues related to higher priority searching in LTE idle mode are discussed, and proposals made
 - No layer specific search periodicity is necessary
-  Higher priority layers are required to be searched at a minimum rate of Nlayers * 60s

- After detecting a higher priority cell, further results should be measured and filtered in the same way as for a lower priority cell, until such time as it has been determined that reselection will not immediately occur. After such a determination, it is not necessary to continuously measure the higher priority layer.

- Cell search for higher priority layers should be assumed to be fixed in RAN4.
- There should be no separate restrictions on number of lower and higher priority layers, but only a restriction on the total number of layers and RATs which can be simultaneously configured in the UE.
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