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1
Introduction
This paper tries to summarize RAN2 view on the multiple topics related to paging handling.  

2
Paging Groups
Most of the papers in RAN2 seemed to suggest that there is a need to divide UEs into multiple groups for paging, primarily to avoid false alarms and provide sufficient paging capacity. There are two dimensions of grouping:

· Paging occasions (group of UEs listening in the same TTI for possible paging message)

· Paging groups within a paging occasion

In [2] the need for paging groups within a paging occasion and the need to make the number of paging occasions configurable were questioned due to:

1. LTE has 10 times more potential paging occasions than UMTS (10ms UMTS frame vs. 1ms E-UTRA TTI).

2. UE load is not foreseen to increase considerably when one takes the cell BW into account, and hence, the paging load due to idle->active transitions is not expected to increase in E-UTRAN.
3. As the Paging message is only 1ms length compared to UTRA UE power consumption would not increase considerably due to false alarms (some other UE paged).
On the other hand many papers promoted to make the number of paging occasions configurable:
1. Less UEs per paging occasion -> Less false alarms for the UE -> Less power consumption
2. Flexible amount of paging occasions will allow flexibility for different Cell BW cases. In very small BW cells, the size of paging message is very limited and paging multiple UEs/TTI might be very challenging. By dividing UEs into groups in time, there is less probabability to page too many UEs/TTI to be conveyed in one paging message.
3. The amount of overhead for BCCH change notification can be reduced by limiting the number of paging occasions.
During the breakout session in RAN2#59 it seemed that most companies supported usage of configurable paging occasions in time:

Proposal 1; Support Paging occasions in time. The number of paging occasions per paging interval is flexible and determined by a parameter (BCCH) given to the UE. A UE has only one paging occasion per paging interval.
Supporting companies: Motorola, Nokia Corporation, Nokia Siemens Networks, NXP, Elektrobit, CATT, Ericsson, LGE, Philips, NTT DoCoMo, Qualcomm, IPW
Objecting companies:
3
Multiple P-RNTIs

Only one contribution [3] in RAN2#59 promoted the use of multiple RNTIs to address different paging groups by performing P-RNTI assignment in a hierarchical manner. Since most of the contributions did not suggest the need for multiple RNTIs per paging occasion, it is proposed to agree to use only one RNTI (namely, P-RNTI) per paging occasion:
Proposal 2; Use only one PDCCH entry per paging occasion.
Supporting companies: Nokia Corporation, Nokia Siemens Networks, Elektrobit, CATT, NXP, LGE, NTT DoCoMo, Qualcomm, IPW
Objecting companies:
Proposal 3; Use only one RNTI per PCH
Supporting companies: Nokia Corporation, Nokia Siemens Networks, NXP, Elektrobit, CATT, LGE, NTT DoCoMo
Objecting companies: IPWireless, Qualcomm (Do not want to preclude this option for now),
In case the amount of paging exceeds the paging capacity of a PCH, one may want to configure multiple PCHs (Each PCH has own P-RNTI) or is it enough to divide UEs into multiple paging occasions in time? Do we need multiple PCHs?
4
Special PDCCH format
In several papers [e.g., 5] there have been suggestions to use a special PDCCH format to address multiple UEs in the same or different paging groups within the same paging occasion. Only one RNTI is reserved for paging, but a special format of PDCCH (equal length to the normal format) indicates the group IDs of the UEs being paged in the actual paging message. It is expected that multiple paging groups (which may differ from paging occasion to another paging occasion) can be paged using a single PDCCH.
This approach is an extension to multiple paging occasions and implements several paging groups within one DRX occasion. So in principle the number of UEs in a paging occasion is the same for both proposals and paging groups within one DRX occasion is transparent to NAS. Since the number of paging occasions within a paging DRX interval remains the same, the overhead for system information change notification is equal. The advantage could be battery saving as the decoding of paging message(s) can be omitted for the UE when the UE’s paging group is not addressed in the PDCCH. In order to get even better power saving, the UE could check the NAS level identity as early as possible and thus reducing the processing in upper layers to minimum.
Nevertheless, the complexity of defining a special PDCCH format causes changes to eNB & UE and more testing is needed. And also RAN1 should be consulted about possible implications to them. About the battery saving gain by using multiple paging groups in one paging occasion should be consulted with RAN1 and RAN4 (or if different companies can get input from their RAN1/4 colleagues it would be preferable to consult them directly to speed up decisions). At least Ericsson, Motorola, Nokia Corporation and Nokia Siemens Networks indicated that they do not see big advantage in avoiding paging message decoding from PDSCH by dividing one paging occasion to multiple groups.
In any case, there seems to be consensus that even if a special PDCCH format is to be defined, it will allocate resources in the same TTI (similar to normal user data allocation):

Proposal 4: The PDCCH used for paging and its corresponding paging message in PDSCH should be bound in the same DL subframe.
Supporting companies: Nokia, Nokia Siemens Networks, , Elektrobit, CATT, NTT DoCoMo  , 
Objecting companies: LGE, Philips
5
Paging DRX

In [6] there was one proposal how to calculate the DRX period and that equation did just indicate the radioframe where possible paging may come. But from UE power consumption point of view, it would be desirable to limit UE reception to a certain subframe(s) within the 10ms radio frame. In some contributions it has been proposed that one or multiple fixed (can be a parameter in BCCH) subframes can be mapped to paging. Alternatively, we can define paging DRX calculation in such a way that the UE can determine the paging occasion on subframe level. 
In order to progress on this topic we should first understand if there is a need to have multiple subframes available for paging purposes or can we just cope with one subframe? How many UEs we may have in different cell capacity cases in LTE_IDLE state (possible paged UE candidates). Assuming 5,000 UEs per cell, 20 cells constitute a TA, and each subscriber receives two terminating call per hour, the number of pagings expected is about 56 per second. Hence, 0.56 pagings are expected per 10ms on average. Assuming Poisson arrivals, this implies that in 43% of the paging cases, one or more UEs are paged per 10ms. 
NOTE: Above calculation is very rough and it would be very good if people try to give input to the calculations. I assume that 5000 UEs is supported in about 10MHz (or more) BW cells
Proposal 6: Allow flexibility to use N-number of subframes per radioframe for paging purposes. It is up to NW configuration to use multiple subframes per radioframe. (but only one subframe per UE per paging interval)
Supporting companies: Motorola, Nokia, Nokia Siemens Networks, Qualcomm?, NXP, Elektrobit, CATT, LGE, Philips, NTT DoCoMo, Qualcomm, IPW
Objecting companies:

But most of the papers in RAN2#59 seemed to support that UE knows the location of paging on subframe level in order to allow good power saving possibilities for the UE.
Proposal 7: Each UE knows its paging occasion on subframe level i.e. the UE only needs to check one subframe per paging DRX for paging indication/message.
Supporting companies: Motorola, Nokia Siemens Networks, Nokia Corporation, Qualcomm, NXP, Elektrobit, CATT, Ericsson, LGE, Philips, NTT DoCoMo, Qualcomm, IPW
Objecting companies:

None of the papers in RAN2#59 proposed usage of UE specific paging DRX period, but in UTRAN UE specific paging interval was supported for PS-domain. During the discussion it was clarified that this decision cannot be solely done by RAN2 but consultation with CT1 and possibly SA2 is required and especially input from operators is preferred whether they see need for UE specific paging DRX
Proposal 8: The paging DRX period is common for all UEs in the cell.
Supporting companies: Nokia Siemens Networks, Nokia Corporation, NXP, Elektrobit, Ericsson, LGE, Qualcomm, IPW
Objecting companies: Motorola, CATT
For very small BW cells it was argued in [8] that If we have a similar paging message structure in LTE (as in UMTS), one UE would need at least about 5 ~ 6 bytes in minimum in the paging message. With such size, one TTI i.e. 1 ms would be able to page only one user in 1.25 Mhz cells. So it was suggested that we could use longer TTI length for paging messages or a PI is allowed to indicate another paging message of a next paging sub-frame in a paging occasion, thus allowing larger paging messages. Before we agree to adopt such an approach we should consult RAN1 on the implication of such mechanism (is it possible from RAN1 point of view). Additionally RAN2 could consider whether we can just rely on dividing UEs to multiple paging occasions as proposed in [6] in small BW cells to avoid paging of multiple UEs per TTI. In LTE implication of such approach should not be severe as whenever there is no need to page any UE then there is no need to consume any cell capacity of the network as PDCCH or PDSCH remains unused for paging purposes. 

Proposal 9: Take a working assumption that division of UEs into multiple paging occaions is used for limiting the size needed for paging message i.e. no need to extend TTI of PCH (If RAN1 answers that extending TTI is not a problem then RAN2 needs to reconsider this decision)

Supporting companies: Motorola, Nokia Corporation, Nokia Siemens Networks, NXP, Elektrobit, CATT, NTT DoCoMo
Objecting companies:
4
Conclusion
During the discussion it came evident that in order to understand more about power saving possibilities by dividing one paging occasion to multiple groups a LS to RAN1&4 is needed and that was drafted also in the emal exchange. Also need for UE specific paging DRX (Proposal 8) was seen to need a LS to CT1/SA2 to understand if they see need for it, but that LS was not drafted in this email discussion. 

But in the end it seemed that multiple proposals gathered majority opinion (no objections presented) and thus it is proposed to agree on these:
Proposal 1; Support Paging occasions in time. The number of paging occasions per paging interval is flexible and determined by a parameter (BCCH) given to the UE. A UE has only one paging occasion per paging interval

Proposal 2; Use only one PDCCH entry per paging occasion.

Proposal 6: Allow flexibility to use N-number of subframes per radioframe for paging purposes. It is up to NW configuration to use multiple subframes per radioframe. (but only one subframe per UE per paging interval)

Proposal 7: Each UE knows its paging occasion on subframe level i.e. the UE only needs to check one subframe per paging DRX for paging indication/message.
Proposal 9: Take a working assumption that division of UEs into multiple paging occaions is used for limiting the size needed for paging message i.e. no need to extend TTI of PCH (If RAN1 answers that extending TTI is not a problem then RAN2 needs to reconsider this decision)

Additionally following proposal received majority support, but as they are related to the LS to RAN1&4 being prepared it is premature to accept on these points:

Proposal 3; Use only one RNTI per PCH
Proposal 4: The PDCCH used for paging and its corresponding paging message in PDSCH should be bound in the same DL subframe.
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