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1.  Introduction
The current agreement in RAN2 is that a PCH channel is associated with a L1/L2 control channel. The L1/L2 control channel indicates the allocated resources for the PCH. However, signalling of paging indicators to the corresponding paging groups has not been discussed yet in RAN2.

In this contribution, we propose a method for efficient indication of paging to paging groups. The proposed method provides reduced UE complexity, reduced paging delay and efficient radio usage. The proposed method performs paging group RNTI (P-RNTI) assignment in a hierarchical manner to ensure scheduler flexibility.
The proposed method is compared to the alternatives presented in [1].

2. Discussion 
According to Alternative 1 in [1], the UEs are grouped into multiple paging groups and each group is allocated with a P-RNTI. Each paging group is signaled by indicating its P-RNTI on L1/L2 control channel. This requires a large number of L1/L2 control signaling channels if UEs belong to a number of groups are to be paged. However, the number of L1/L2 control channels is limited in a system. Hence, not all the groups are possible to be paged at one paging instance. Paging blocking will increase the call connection delay. In case, only one (or very few) UEs in each group need to be paged, required L1/L2 control channels equal the number of groups. However, as few users are paged, the paging message on PCH for each group is small. This scenario results in inefficient transmission over the radio.

According to Alternative 2 in [1], all the UEs are belong to one paging group hence only one P-RNTI and one L1/L2 control channel is required to signal the UEs. Paging messages for UEs are concatenated and transmitted over PCH. The UEs are sub grouped into sub-paging groups. The paged sub-paging group(s) is/are indicated within the L1/L2 control channel. This requires new format for the L1/L2 control channel. A scenario where a large number of UEs need to be paged results in large message size on PCH. Note that PCH is cell broadcast and no HARQ. There are concerns on optimisation of large message size being delivered to the cell edge users.  
Alternative 1 and 2 in [1] show two extreme cases. Alternative 1 requires the highest number of L1/L2 control channels and the scheduler has no control over the selecting of the number of control channels. On the other hand, Alternative 2 results in large message size on PCH. Again the scheduler has no control on the message size on PCH.  In other words, both Alternative 1 and Alternative 2 are lacking in providing support for scheduler flexibility.  

3. Proposal
A method which provides the scheduling flexibility for transmission of paging signal is presented in this section. To ensure scheduler flexibility, P-RNTI assignment is performed in a hierarchical manner. UEs are grouped into a number of groups. This forms the lowest level of the hierarchy. The groups are further grouped to form the second, third, … levels of the hierarchy. See Figure 1.

[image: image1]
Figure 1: An example of the hierarchical P-RNTI organisation 

Each UE belongs to one of the paging groups (i.e. level 1). Each UE is assigned with a number of P-RNTI corresponding to the one P-RNTI from each level of the hierarchy. For example UEs belong to the paging group 1 are assigned with P-RNTI1, P-RNTI10 and P-RNTI13.

The eNB can use any of these P-RNTIs to signal the UE on L1/L2 control channel. Hence, the UE is required to check for all the assigned P-RNTIs to find out whether their paging group is being paged. For example, after decoding the L1/L2 control channel, the UE belongs to the paging group 1 performs L1/L2 paging ID check with P-RNTI1. If it fails then it uses P-RNTI10 and P-RNTI13 respectively for following checks. If any of the assigned P-RNTI is being signalled, then the UE reads the PCH.

Note that the proposed method supports the use of normal L1/L2 control channel without any modification.
The method gives control to the scheduler at the eNB how to allocate L1/L2 control channels, control of the size of the message on PCH and transmission power on the channels carrying paging information depending on the cell load, available cell resources, available L1/L2 control channels, the total number of UEs need to be paged in one instance, and eNodeB transmission power. Example scenarios are:
Scenario 1: only UEs belong to paging group 1 need to be paged.


The eNB uses P-RNTI1 to address the UEs. This only requires one L1/L2 control channel and one PCH channel.

Scenario 2: only UEs belong to paging group 1, 2 and 3 need to be paged. The total number of UEs needs to be page is low. As the total number of UEs need to be paged is low, the paging signal intended for the UEs can be accommodated in one PCH.

The eNB uses P-RNTI10 to address the UEs. This requires only one L1/L2 control channel and one PCH channel.

Scenario 3: only UEs belong to paging group 1 and 2 need to be paged. The total number of UEs needs to be page is large.


The eNB uses P-RNTI1 and P-RNTI2 to address the UEs. This requires two L1/L2 control channels and two PCH channels.  The message size on PCH is controlled by the eNB.

Scenario 4: only UEs belong to most of the level 1 paging groups. Only one or few number of UEs needed to be paged from each level 1 page group. The total number of UEs needs to be page is small.
The eNB uses P-RNTI13 to address the UEs. This requires only one L1/L2 control channel and one PCH channel.
4. Comparison

Comparison of the proposed method to Alternative 1 and 2 in [1] is shown in Table 1.  Compared to Alternative 1 and 2, the proposed method provides the support for scheduler flexibility, where the scheduler has control over the selection of number of L1/L2 control channels as well as the message size on PCH. Also the proposed method supports the use of L1/L2 control channel as in normal shared channel operation hence reduce system/UE complexity.

Due to the support for scheduler flexibility, the proposed method provides a more efficient radio resource handling for transmission of paging signals.

	
	# P-RNTI need to be reserved
	Additional L1/L2 control channel format needed
	# L1/L2 control channels required
	Control of message size on PCH
	Support of scheduler flexibility

	Alternative 1
	multiple
	No
	multiple
	Not possible
	No

	Alternative 2
	one
	Yes
	one
	Not possible
	No

	The proposed method
	multiple
	No
	Controlled by the scheduler
	Controlled by the scheduler
	Yes


3.
Conclusion 
In this contribution, we proposed a mechanism which supports scheduler flexibility in delivering the paging signals in E-UTRAN. In contrast to the conventional paging procedures where the number of L1/L2 control channels and the message size of PCH are fixed by the method used, the proposed mechanism supports the scheduler flexibility where  the scheduler controls the selection of number of L1/L2 control requires at a given paging instance as well as the message size and transmission power on PCH taking into account the  cell load, available cell resources, available L1/L2 control channels, the total number of UEs need to be paged in one instance, and eNodeB transmission power. In addition, the proposed method provides reduced UE complexity, reduced paging delay, efficient radio usage and also supports the use of normal L1/L2 control channel.  

RAN2 is requested to discuss and consider the content of this contribution in deciding a paging procedure for e-UTRAN.

4.
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