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1 Introduction

During RAN2#59 an offline discussion on paging between group of companies took place. A number of open issues were listed and used as an input to e-mail discussion. In this document we will further comment proposals made, include additional suggestions and supplementary open issues to the list.
2 Discussion 
1)

To support paging groups in time (where UE knows its paging occasion on a subframe level) do not seem to be controversial in RAN2 one of the main arguments being reduced probability of false alarms for the UEs. In order to cover for bandwidth flexibility (i.e. DL-SCH capacity that can be utilized to send paging messages is different for different bandwidths) as well as to cater for different paging load of different tracking areas we believe that the number of paging occasions should be flexible.
Note that the number of paging occasions can be indicated on the part of BCCH content transmitted on DL-SCH.

In the following paragraph we discuss on how to achieve the flexibility.

According to current understanding, at every paging occasion UE wakes up and decodes PDCCH. If PI-RNTI (paging indicator) is present, UE receives and decodes DL-SCH in order to understand whether there is a dedicated paging message.
The amount of paging occasions should be optimized: Minimizing the number of paging occasions in time in order to diminish the overhead induced by PDCCH (especially for the scenarios where many UEs needs to be paged at the same time) thus at the same time maximizing the number of UEs that can be paged in a given TTI (this depends on the available capacity for paging message on DL-SCH). This optimization largely depends on the probability that X users will be paged at the same time.

Due to the above, we would like to propose to introduce a possibility to indicate to the UEs that paging message (for the group or occasion that UE “belongs to”) is transmitted also in the subsequent downlink subframe. This can be done either by allocating single bit within PDCCH or an RNTI that indicates to the UE to step a subframe and read PDCCH in that subframe in order to find allocation for a paging message (assuming that UE hasn’t found dedicated paging in the first subframe). In either case single PDCCH entry as well as a single RNTI per paging occasion is used.

Or, as an alternative, include indication in the data part of the paging message.
Depending on how often it happens that additional subframe needs to be used, number of paging occasions can be either increased (requiring BCCH to change and UEs to recalculate paging occasions) or maintained (depending on deviation of probability that multiple users are paged at the same time).
This can be very well utilized when IDLE load in E-UTRA starts increasing.
2) 

In addition to paging occasions, some companies Ref [1], [2]promoted separation of UEs into groups within paging occasions. The argumentation for additional dimension was UE battery saving due to not having to stay awake throughout the complete subframe. By transmitting different format of PDCCH UE can understand that there is no paging message intended for it and can omit reading DL-SCH.
Even though RAN1 has agreed that there is a benefit in “micro sleep” (going to sleep after decoding PDCCH) we could argue whether the same applies for this scenario. We need to separate connected mode where UE has numerous opportunities to perform measurements from IDLE mode where UE has to utilize wake ups to perform measurements in addition to listening for paging.
In the following example we try to illustrate benefits:
· 3000 (5000) UEs each UE is paged once per hour

· 30 (50) paging occasions => 100UEs/paging occasion => 100 pages per hour

· 320ms DRX => UE wakes up 270000 times in 24 hours

This means that every 36 seconds UE will stay awake for a complete TTI. If we in addition limit the intensity for paging to 16 hours out of 24 UE should stay awake for duration of 1ms in total ~1600 subframes (0.6%).

Compared to dividing those UEs in 4 groups, UE would in 24 hours stays awake 1.2 seconds longer if no groups are introduced.

But, this is not where the example ends. Since it takes some time to decode PDCCH and for the UE to understand it is not scheduled we could roughly estimate that it will anyway take half a ms for the UE to be able to close the receiver and thus only sleep for the second slot which makes time figure above further reduced.
In addition, as already mentioned, wake ups are used by the UE to perform measurements which may take some milliseconds.

Therefore, we believe that at the end, even if we could define groups in order to do the saving, in practice we will not be able to utilize it due to measurements.

3) 
During e-mail discussion UE specific DRX cycle vs. single DRX cycle for all the UEs (in the cell or in the TA?) was brought up.

One could question whether there is a need for UE specific DRX cycle in LTE. UE specific DRX cycle was introduced for GPRS and it was also supported in UTRAN. It can be questioned however how much it is used in reality and is it worth keeping it for LTE.
In case it is considered needed (to enable to possibility to have e.g. application based paging) then, CN DRX is mandatory. This also mandates calculation, of which paging occasions are to be used by the UE, to be done in the CN and UE unless eNB uses default minimum cycle and each UE receives an indication from the CN at TA update to use multiple of eNB cycle.
Alternatively, if single DRX cycle is used for all UEs, calculation on when to page UE could be done by the eNB and UE. Since CN is still responsible for paging repetition it needs to have knowledge on paging cycle used in eNB which could very easily be provided via S1 interface.

3 Conclusions

This paper discussed the proposal on how to support flexible number of paging occasions by using a possibility to indicate to the UE that paging message is also transmitted in the subsequent downlink subframe.

The need to further divide UEs in the paging groups within paging occasions was also brought up. We believe this optimization is not needed from the UE battery power consumption point of view.
It is unclear in RAN2 whether

· there is a need for UE specific DRX

· it is responsibility of AS or NAS to determine UE specific DRX cycle

· CN and UE or eNB and UE perform calculations which paging occasion to use for the UE

We would like to ask RAN2 to discuss these issues (synchronization with other groups CT1, SA2 and possibly RAN3 will most likely be needed).
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