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1.  Introduction
The current agreement in RAN2 is that a PCH channel is associated with a PDCCH (L1/L2 control channel). The PDCCH indicates the allocated resources for the PCH. As far as the paging group indication concerns, each paging group is associated with a P-RNTI. Note that this decision is made at RAN2#56bis. Therefore, a set of P-RNTIs (0,1,…N) will be reserved for the use of paging signalling.

There has been offline email discussion on the RAN2 reflector for progress of the discussion on paging in Stage 3.

In this contribution, we present our views on paging signalling and try to clarify the proposal in [R2-073187].

2. Discussion & Proposal
According to the discussion so far on the RAN2 reflector the following paging mechanisms are identified.

Category a). A large number of paging occasions within a paging DRX interval and allow only one paging group per paging occasion with smaller number of UEs in a group.

The main disadvantage we see in Category a) proposals is the increase signalling overhead. For example if one or few UEs need to be signalled in each paging group then, the number of control channels required equals the number of paging occasions per paging DRX interval. Also, if the same paging mechanism is used for signalling of system information modification indication, this needs to be transmitted in every paging occasion, hence increasing the signalling overhead. 
This scenario is depicted in Figure 1a.
Category b). fewer number of paging occasion within a paging DRX interval and allow only one paging group per paging occasion with larger number of UEs in a group.


This reduces the signalling overhead compared to that of Category a). This also assists the signalling of system information modification indication with the same signalling mechanism without increase of signalling overhead. However, as a larger number of UEs in the group, false alarm rate increases. Not only the UE power consumption but alos the UE complexity increase with unnecessary decoding of PCH. The LS is to be sent to RAN1/RAN4 requesting the effects of increase number of false alarm and UE power consumption. 
This scenario is depicted in Figure 1b.
The problem seen in Category b) can be avoided/minimised simply using the characteristics of shared channel operation. Here the use of identification on the shared channel itself can be used to distinguish different paging groups. Such a solution is presented in R2-073187.

In this solution, similar to Category b) fewer number of paging occasions within a paging DRX interval is assumed. Thus larger number of UEs can be paged at a one paging occasion. Similar to Category b), the signalling overhead is reduced compared to Category a). This also enables the use of the same mechanism for signalling of system information modification indication.

In order to reduce the number of false alarm, the UEs belonging to a paging occasion is further divided into sub-groups. The sub-grouping is performed in a hierarchical manner. A UE belongs to multiple-groups, which are corresponding to each level of the hierarchy. Each sub-group is associated with a P-RNTI. Hence this solution requires a set of P-RNTIs to be reserved for the use of paging. The set of P-RNTIs is re-used at the next paging occasion. 

[image: image3.bmp]
The eNB can use any of P-RNTIs associated to signal the UE on PDCCH. Hence, the UE is required to check for all the assigned P-RNTIs to find out whether their paging group is being paged. If any of the assigned P-RNTI is being signalled, then the UE reads the PCH. 

Only one PDCCH is used for paging at one paging occasion. Note that no especial PDCCH is required for the signalling. Only one P-RNTI presents on the PDCCH.

Note that RNTI is signalled XOR with CRC at the Layer 1. Hence checking of P-RNTI is simply a XOR of RNTI with the CRC field at the layer 1. Therefore the requirement to check multiple P-RNTIs (corresponding to the each level of hierarchy, e.g. 3 levels) is not seen as a complex operation.

Referring to Figure 1c, if the UE group is signalled with P-RNTI corresponding to the highest level of hierarchy, this solution converges to that of Category b).
Figure 2 shows an example of the hierarchical P-RNTI organisation corresponding to a paging occasion. If all the UEs at that paging occasion need to be paged, P-RNTI1 is used on PDCCH. This is equivalent to Category b) scheme with P-RNTI is being used on the PDCCH.

If only the UE group corresponding to P-RNTI4 need to be paged, the eNodeB uses P-RNTI4 to signal the paging message. Therefore, UEs belong to P-RNTI5, P-RNTI6, and P-RNTI7 do not need to decode the PCH. Hence save the UE battery consumption.

The hierarchical P-RNTI management can reduce the false alarm rate simply with the reserving 7 P-RNTIs (according to the example) instead of one P-RNTI for paging purpose. 

The change of system information can be indicated to the group with use of P-RNTI1 on the PDCCH.


[image: image2]
Figure 2: An example of the hierarchical P-RNTI organisation 
3.
Conclusion 
In this contribution, we have further clarified the operation of the scheme proposed in R2-073187 in delivering the paging signals in E-UTRAN. The proposed scheme facilitates:

· One PDCCH per paging occasion

· One P-RNTI is signalled on PDCCH
· No special form/type of PDCCH is needed

· Applicability in signalling system information modification indicator

· Low signalling overhead

· Reduced false alarm

· Reduced UE power consumption

· Reduced UE complexity as the un-necessary decoding of PCH can be avoided.

All the above benefits are achieved with the construction of hierarchical P-RNTI allocation, where fewer P-RNTIs (7 in the example given instead of 1) required to be reserved for the purpose of the paging.

RAN2 is requested to discuss and consider the content of this contribution in deciding a paging procedure for e-UTRAN.
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Figure 1a: illustration of Category a) scheme
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Figure 1b: illustration of Category b) scheme
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Figure 1c: illustration of hierarchical P-RNTI based scheme
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