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1. Introduction

Paging issues in E-UTRA have been discussed in several earlier papers and a number of issues have been raised. This document further discusses paging mechanism and related issues in E-UTRA when UE is in LTE_IDLE state [1]. 
2. Paging Channels

In WCDMA two separate paging channels: PICH and PCH [2]. PICH carries the paging indication transmitted at the paging occasion and indicate UE if it should decode the PCH or not. The PCH carries the actual paging message. In E-UTRAN we believe there is no need to have a separate PICH or PCH as discussed below:
2.1 Paging Indication

Paging indication (PI) allows the UE to save battery life. In E-UTRAN the paging indication related information can be multiplexed on L1/L2 control information. The control information can comprise of UE group ID and indication of radio resources to be used for the corresponding paging message. L1/L2 control will be transmitted over the entire cell. This means all the UEs in idle mode will monitor the L1/L2 control information once per DRX cycle. But only the UEs which receive paging as indicated by the paging indicator, shall read the corresponding paging messages. The resource block that carries paging indicator (i.e. L1/L2 control) shall be indicated in the the system information.

The network can assign the group ID to the UEs at the initial registration. But it can also be changed by the network periodically or during subsequent tracking area update procedures. 
2.2 Paging Message

We believe there is no need for a separate paging transport channel to transmit the paging message. Instead the Node B can dynamically allocate the resource block to send paging message. In other words paging control channel (PCCH) shall be multiplexed on downlink shared channel (DL-SCH). This provides great of flexibility in terms of resource allocation since the system is optimized for packet mode transmission.  

2.3 Combining of Paging

Some previous contributions have indicated the need of combining of paging channels, i.e. paging indicator or paging message or both. Different mechanisms have been proposed such as SFN combining, selective combining and soft combining in some cases. In scenarios such as in case of intra Node B (within same Node B), certain types of combining may be realizable in practice. However, our understanding is that soft and selective combining would lead to additional complexity in the UE with minimal gain. Furthermore, this might also lead to some constraints in terms of resource allocation at multiple cells within the same Node B. For instance to realize SFN combining, all the cells within the Node B will have to send paging using the same scrambling code and the same time and frequency resource.    
3. DRX Cycle

In general the length of DRX cycle is critical to support efficient sleep-mode procedures. On the other hand DRX cycle length may also impact the user plane latency. In WCDMA the shortest DRX cycle is 80 ms [3]. 
However due to packet oriented mode and due to the nature of upcoming services such as gaming, we believe a DRX cycle shorter than 80 ms is desirable in E-UTRAN. The E-UTRAN should allow UE specific DRX cycles in order to support a variety of services, while making efficient use of UE battery. 
4. Paging Positions

Another important aspect is the scheduling of paging indication and paging message to a 10 MHz UE operating in a 20 MHz cell. As discussed extensively in RAN1/RAN2/RAN4 [4], a 10 MHz UE within 20 MHz cell bandwidth, shall be placed at a limited positions, namely two or three. 
Figure 1 shows an example of 10 MHz UE with two different positions in the frequency domain: lower (left) 10 MHz or upper 10 MHz (right). 
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Figure 1: Example of paging 10 MHz UE in 20 MHz cell transmission bandwidth

One possibility would have been to duplicate (or send multiple paging in case of more than 2 UE positions) every paging indicator and paging message to each UE. This could allow the UE to receive the paging irrespective of its position and without the need for any re-tuning of its receiver. But this solution (duplication of paging) is highly undesirable since this would consume at least two times more radio resources. Thus our preference is that paging, which includes paging indicator and paging message should be sent within the UE reception bandwidth without any duplication. The paging can be sent at any position in the frequency domain within the UE reception bandwidth. This approach is more efficient in terms of resource usage. Secondly the UE is not required to re-tune it’s receiver since UE is paged within its reception bandwidth. 
In order to allow this solution to work the network should be aware of the current UE position in 20 MHz cell bandwidth. There are several possibilities to indicate the network of UE position. 

A. The UEs can be positioned in frequency domain according to their identities (ID). One way is to hash the UE identity (e.g. IMSI) on one of the available positions within the cell bandwidth. As an example: UE Position Index= IMSI mod N, where N are the number of positions in cell bandwidth. The UEs tuned to the same position are assigned to the same group by the network. This does not preclude network from taking into consideration other factors when assigning the paging group. 
B. The group of UE identities can also be mapped onto paging positions using hashing function. In this case the UE identities can be hashed onto paging groups (e.g. 32-bit UE ID to 12 bit Paging Group ID) which are, in turn, deterministically distributed over the available paging positions. Hence the UEs shall tune their receiver to a specific paging position according to their assigned group. 
C. Same as in A or B, however network may request the UE to change its position within the cell any time. This can be indicated to the UE at any instance or during location management. This approach provides some flexibility to the network in creating paging groups since UEs belonging to the same group shall reside at the same paging position. 
D. Another possibility is to indicate in the system information the preferred positions, where the UE shall tune itself and consequently report its position to the network. Subsequently UEs tuned to the same position in frequency domain shall be assigned the same paging group. In order to randomly distribute UEs in different designated positions within 20 MHz, the system information may comprise of selection probabilities for different positions. The UE shall randomly select the paging position according to the access probability and report it to the network. The network is also able to request the UE to change its position. The access probabilities could be changed dynamically owing to radio resource usage in different locations. In case of resource shortage at one position, the UEs can be assigned another position within the cell bandwidth by changing access probabilities. Hence the UE shall automatically be placed at a position, which is optimal from resource usage view point. 
5. Summary

This contribution has addressed some issues related to paging in E-UTRAN. We believe in E-UTRAN there is no need for any specific PICH/PCH. We propose that the paging indication is multiplexed on L1/L2 control information and paging message should be sent on DL-SCH. Due to UE complexity and minimal performance gain, we don’t prefer any combining of paging related information or message. We also suggest that a 10 MHz operating within 20 MHz cell bandwidth should receive paging within its occupied bandwidth without any duplication.
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7. Text Proposal for RAN2 Technical Specifications
We propose to capture the following main ideas of this contribution in RAN2 TS.   
· In E-UTRAN, the paging indicator, which comprises of UE group identity and scheduling information for paging message, shall be sent on downlink L1/L2. 
· The paging message shall be transmitted on DL-SCH. 
· Simultaneous UE reception of paging indicators from multiple cells via SFN, soft or selective combining of paging indicator or paging channel shall not be supported. 
· The DRX cycle shall be UE specific.

· A 10 MHz UE operating in 20 MHz cell transmission bandwidth shall be positioned at a limited position in frequency domain and shall receive the paging indication and paging message within its reception bandwidth. The UE shall be assigned a paging position using a suitable mechanism such as hashing of UE identifier onto one of the paging positions or by randomly distributing the UE at different paging positions according to broadcasted access probabilities.  
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