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1
Introduction
In [1] the updated work item on further enhancements to CELL_FACH state was approved.  The work (even before update) includes:
· UE battery life improvements and signalling reduction (e.g. second UE DRX cycle in CELL_FACH)

Until now, the majority of contributions have been very much focused on the introduction of a second UE DRX cycle in CELL_FACH (e.g. [2], [3], [4], [5]). There are a number of open issues to discuss on this scheme.
In RAN2#75 there were 2 contributions [6], [7] which compared the introduction of 2nd DRX in CELL_FACH to the use of the existing functionality already in CELL_PCH state, and proposed an enhancement to the state transition signalling in order to meet the objective of the work item. The captured way forward from RAN2#75 indicates that we should choose between one of these 2 schemes. 
In this contribution we represent the analysis of these proposals. 
2
Discussion
Clearly there are 2 main incentives for considering introduction of a second DRX cycle in CELL_FACH state, this has already been highlighted in previous contributions.

1- UE power saving. 

CELL_PCH state is clearly a more power efficient state than CELL_FACH due to longer DRX periods. 

2- Signalling reduction. 

However, moving the UE to CELL_PCH state from CELL_FACH state after a period of inactivity currently requires some RRC signalling overhead. This becomes more significant when there are a larger number of users being served by one RNC. This kind of problem has been discussed at great length, for example, when fast dormancy feature was standardised. 

There is currently a trade-off between signalling overhead and power saving. Keeping the UE in CELL_FACH state for longer to avoid RRC signalling (e.g. there is a fast dormancy timer which restricts the UE from sending too many requests to move to a more power efficient state, there is also the need to perform reconfiguration procedures to move the UE to CELL_PCH and back) compared to moving the UE to a more power efficient state sooner. 

Rather than start introducing CELL_PCH like attributes to CELL_FACH (longer DRX periods) we should consider to keep the RRC states the same as they are today, but find ways in which the transition between states can be made more optimal – or in other words try to find ways to move between states with less RRC signalling overhead. This will provide similar gains in terms of signalling reduction and power saving as a second DRX cycle in CELL_FACH without duplication of functionality and modification of the current RRC state model – i.e. power saving is achieved with less signalling overhead, and with less complexity. 
2.1 Potential RRC state change optimisation

One potential approach that does not require addition of further RRC sub-states within CELL_FACH state would be to allow the UE to move to CELL_PCH state after a period of inactivity without explicit RRC signalling. 
This is very similar to the concept that the UE could enter a longer DRX cycle after a period of inactivity, but rather than enter CELL_FACH2 state (which perhaps makes CELL_PCH state redundant), we enter into the existing CELL_PCH state which as we know already has a longer configurable DRX period. 
In figure 1 below we present an example of how this can be achieved. T,fach_inactivity represents the timer used to determine when to change state to CELL_PCH following a period of inactivity (this is something like the “Inactivity Threshold for UE DRX cycle 2” used in CPC, and similar to what one could imagine also being used if we were to have a second DRX cycle also in CELL_FACH).
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Figure 1: Transition from CELL_FACH state to CELL_PCH state without RRC signalling overhead.
In its simplest form – i.e. if we were to implement only the mechanism described above for transition to CELL_PCH state (and not change the way in which the UE moves back to CELL_FACH either by ULL data transmission or response to paging) we can already improve the RRC signalling overhead and UE power consumption significantly without the complexity that introducing of further RRC sub-states in CELL_FACH (AKA second DRX cycles) and duplication of functionality in the different RRC states would introduce to the system.  However, there are further improvements that could also be considered. These considerations apply for both of the potential approaches and are covered in the following section of this contribution.

2.2 Comparison of solutions and further considerations

2.2.1 UE power consumption

One could argue that the optimisation proposed above is already enough to achieve the objectives. With reference to [2] one can achieve more improvement in terms of power consumption by moving the UE to CELL_PCH state compared to a 2nd DRX in CELL_FACH. In [6] it is shown that 2nd DRX in CELL_FACH and moving to CELL_PCH have comparable gains, however the simulations do not take into consideration the power saving gains from removal of RRC signalling and shorter on time (i.e. monitoring PICH only rather than monitoring HS-SCCH between DRX periods) and the power saving gains for measurements offered in CELL_PCH state compared to CELL_FACH state.
In fact, using the figures estimated in Table 4 of [2] one can see that moving the UE to (enhanced) CELL_PCH state offers a greater UE power saving gain than the longest evaluated 2nd DRX cycle with the shortest “on” burst time -saving 49.56% compared to the baseline UE, compared to 46.25% with a 1280ms DRX cycle and 2ms DRX cycle burst. 

Furthermore, although the details of simulation/results collection are not described in [2], it’s our assumption that the gain of 40.56% estimated also does not take into account the further power savings due to removal of RRC signalling (which in itself has a significant power consumption related to it) so one could say that the gains from moving to CELL_PCH state without RRC signalling are even higher than shown in [2]. It should also be mentioned that the various schemes were already discussed in Rel-8 (for example in [8]) and at that time it was concluded that it is more beneficial to use s relatively shorted DRX in CELL_FACH and move UEs to CELL_PCH state after longer periods of inactivity rather than using a longer period of DRX in CELL_FACH state due to the relative improvement in performance. This is why the longer DRX was not introduced in REl-8. 
Observation 1: Moving the UE to CELL_PCH state without RRC signalling offers more UE power consumption saving than introducing a 2nd DRX cycle in CELL_FACH

2.2.2 RRC Signalling Overhead Reduction
Again using [2] as a comparison, we can also estimate the relative reduction in RRC signalling – it is assumed that there are 3 RRC signalling messages per state transition. The assumption is not explained in any detail, however from our estimate we think this assumption is flawed especially for the “baseline 1” UE. 

One could estimate that a UE using “fast dormancy” may use 3 messages for a transition to CELL_PCH state (e.g. Signalling Connection Release Indication, Physical Channel Reconfiguration, Physical Channel Reconfiguration Complete). However if the state transition is based on a NW timer then only 2 RRC messages are required. 
For the transition from CELL_PCH to CELL_FACH a UE/NW which does not utilise the enhanced CELL_PCH feature, then 3 messages are needed (E.g. Cell Update, Cell Update Confirm, “Complete” message). However, the baseline 1 UE as described in [2] is using the enhanced CELL_PCH therefore only 1 RRC message is used to perform the state transition (MEASUREMENT REPORT). 

Hence, we believe the figures given for RRC signalling load improvement are inaccurate based on the flawed assumptions. A more accurate estimate would be based on the saving of 3-4 RRC messages (depending whether fast dormancy is used) per CELL_FACH->CELL_PCH->CELL_FACH transition and not a saving of 6 messages (3 per transition). 

Having said that, with the solution described in section 2.1 without any further optimisation, we still need the MEASUREMENT REPORT to transition from CELL_PCH to CELL_FACH. Therefore we are saving 2-3 messages per CELL_FACH->CELL_PCH->CELL_FACH transition. In other words we are using 1 more RRC message per transition using this method compared to using a 23nd DRX cycle in CELL_FACH. 

Using this reasoning, although the method in section 2.1 has more advantage in terms or UE power saving (5-10% more) the gain in terms of RRC signalling is around 25%-33% less. 
However – we believe that the method in section 2.1 offers more flexibility. One could argue that the MEASUREMENT REPORT is not needed for the transition to CELL_FACH (for example, the node B could inform RNC of the RRC state change upon detection of UL data) and hence by introducing this additional change we can achieve exactly the same improvement in RRC signalling reduction as a 2nd DRX in CELL_FACH, while saving even more UE power. This already makes the alternative solution very attractive indeed. 
In [9] it was shown that the gains from enhancing CELL_PCH are significant in terms of UE power consumption, latency, and also network resource saving due to moving UE to CELL_PCH state - hence the improved paging procedure was introduced in Rel-8. If RRC signalling can be reduced also when transitioning from CELL_FACH to CELL_PCH there is a clear advantage. Furthermore, if there are ways to improve the state transitioning between CELL_DCH and CELL_PCH/CELL_FACH then these should be considered.

Observation 2: 2nd DRX cycle in CELL_FACH offers more reduction of RRC signalling than automatic CELL_FACH to CELL_PCH transition, unless measurement report is removed from CELL_PCH to CELL_FACH seamless transition, in which case the benefit is identical. 

2.2.3 Other considerations
Latency vs. Complexity

In addition to the main 2 factors discussed above, there are some other things to take into consideration. Probably the main question when comparing the 2 approaches would be the performance and complexity when the UE needs to transmit or receive new data after a period of inactivity. Clearly, if the UE is still in CELL_FACH state, with allocated resources, then there is no overhead when there is new data to transmit. Currently in CELL_PCH state, the UE needs to monitor PICH in case the NW has DL data to send. This has some complexity on the NW side since there needs to be some synchronisation between PICH occasions and HS-SCCH/HS-DSCH (although if the Rel-7 enhanced PCH feature is implemented, there is obviously no additional effort from the NW side in this respect). Additionally, when there is UL data to transmit, the UE needs to move to CELL_FACH state and perform RACH procedure in order to obtain the E-DCH resource. 
In this respect, the 2nd DRX solution offers some advantage in terms of latency; however this is at the expense of complexity. Introduction of a 2nd DRX cycle in CELL_FACH not only modifies the existing RRC state change model in the UE since it is introducing further sub-states, but also means that the existing RRM model would need to be updated in the NW – we will come back to this point in the next section. 

It’s possible to introduce some measures to the CELL_PCH solution which would address the latency issues – for example it should be possible for the common E-DCH resource to remain active while the UE is in CELL_PCH state (until the existing CELL_FACH E-DCH resource release timer expires). It could also be possible to make this solution very similar to the 2nd DRX solution from a NW perspective -rather than monitor PICH only, it may be possible to introduce some “on” time in CELL_PCH in order that the UE can directly monitor HS-SCCH (i.e. every DRX, same as with longer DRX solution). However that may only benefit networks which do not already implement the Rel-7 enhanced PCH state, by reducing the effort needed to implement – networks which can already utilise the feature are not impacted, and further from the UE perspective this additional effort to monitor HS-SCCH requires additional power consumption. 

The main point is, this flexibility is there with the RRC state change solution to optimise towards the best trade-off between complexity and latency, and not with the 2nd DRX in CELL_FACH solution - it should of course be discussed whether or not the additional complexity is worth the extra optimisation. 

Observation 3: The simple implementation of moving the UE to CELL_PCH state without RRC signalling has slightly poorer performance in terms of latency than the 2nd DRX in CELL_FACH solution. However, the complexity is significantly less for both UE and NW. In fact, the flexibility is also there to bring the latency performance to a comparable or same level while still keeping the complexity to a minimum.

Others

Other considerations for both solutions would be to discuss how the feature interacts with the fast dormancy feature. For example can the features co-exist without modification of fast dormancy feature? In our understanding, as long as the CEL_PCH DRX cycle is long enough, then the UE shall not make any fast dormancy requests. However, in CELL_FACH state there is no such restriction therefore if we introduce a 2nd DRX cycle in CELL_FACH then we should introduce a similar rule in CELL_FACH. In either case, if the NW configures an inactivity timer in CELL_FACH – whether that results in the UE moving to a longer DRX cycle in CELL_FACH, or a longer DRX cycle in CELL_PCH, then it should be clarified that the UE should not make fast dormancy requests during the inactivity timer running. 
Observation 4: The UE should not make fast dormancy requests during the inactivity timer running (whichever solution is chosen). For the 2nd DRX in CELL_FACH solution, additional fast dormancy rules are necessary (e.g. the UE should not make fast dormancy requests if the DRX length is >than a threshold, similar to the existing rule in CELL_PCH). 
Low and high mobility UE need to be considered. In our understanding, the 2nd DRX in CELL_FACH solution is not suitable for high mobility UEs due to the poorer measurement performance in CELL_FACH compared to CELL_PCH. CELL_PCH provides a better solution for both high and low mobility UEs – for example the 2nd DRX in CELL_FACH is quite dependant on the result of discussions on reselection from CELL_FACH to LTE, whereas the CELL_PCH solution does not have such a dependency. Hence the effort required to standardise this solution is far less significant compared to the 2nd DRX solution as is the effort to realise the implementation (for 2nd DRX solution we would need extensive performance requirement discussion in RAN4, in addition to the RRC state model updates and mechanisms for switching DRX cycles). 
Observation 5: The CELL_PCH solution provides better performance in terms of mobility for both high and low mobility devices. 
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Conclusion
In this paper we have introduced an alternative solution which addresses the UE power consumption and RRC signalling overhead issues. We have made a number of observations.
Observation 1: Moving the UE to CELL_PCH state without RRC signalling offers more UE power consumption saving than introducing a 2nd DRX cycle in CELL_FACH

Observation 2: 2nd DRX cycle in CELL_FACH offers more reduction of RRC signalling than automatic CELL_FACH to CELL_PCH transition, unless measurement report is removed from CELL_PCH to CELL_FACH seamless transition, in which case the benefit is identical. 

Observation 3: The simple implementation of moving the UE to CELL_PCH state without RRC signalling has slightly poorer performance in terms of latency than the 2nd DRX in CELL_FACH solution. However, the complexity is significantly less for both UE and NW. In fact, the flexibility is also there to bring the latency performance to a comparable or same level while still keeping the complexity to a minimum.

Observation 4: The UE should not make fast dormancy requests during the inactivity timer running (whichever solution is chosen). For the 2nd DRX in CELL_FACH solution, additional fast dormancy rules are necessary (e.g. the UE should not make fast dormancy requests if the DRX length is >than a threshold, similar to the existing rule in CELL_PCH). 

Observation 5: The CELL_PCH solution provides better performance in terms of mobility for both high and low mobility devices. 

As a result of the above observations, we can conclude that moving the UE to CELL_PCH state without RRC signalling offers greater gain in terms of UE power consumption saving, can offer the same RRC signalling reduction gain as 2nd DRX in CELL_FACH, and is significantly less complex for both the UE and NW. Hence we propose

Proposal: Rather than introduce a 2nd DRX in CELL_FACH state, we shall introduce RRC state change from CELL_FACH to CELL_PCH without RRC signalling (based on inactivity timer)
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