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1．Introduction
It is accepted that the paging indicators (PI) are carried by L1/L2 scheduling control channels. It is still to be decided that how to identify the paging indicators and how to implement the procedure. This document will discuss these issues. 
2．The way of identifying the PI
Several methods to identify the PI in the L1/L2 scheduling control channel are shown as follows. 
2.1 Identify the PI by a specified domain in the scheduling control channel
The L1/L2 scheduling control channel can include a fixed domain to indicate whether the PI exists or not. One bit can be used to distinguish the scheduling control channel with PI (PI channel) from the scheduling channel for normal active UE. For example, “1” indicates that the scheduling channel is for normal user scheduling and “0” indicates that the channel is for PI. The UE will decode the fixed domain to see if it is for PI transmission. This method will introduce fixed overhead at the downlink scheduling control channel.
2.2 Identify the PI by several PI-RNTIs
The paging indicators can be identified by several PI-RNTIs, where each PI-RNTI corresponds to one group of UEs. If the number of paging groups is big, the needed corresponding PI-RNTIs will be more. In current assumption the UE ID is 16 bits and the number of UE ID in the cell is enormous, so the number of PI-RNTIs is enough. In Section 3, we will discuss this issue further.
2.3 Identify the PI by a specified PI-RNTI
The scheduling control channel carrying the paging indicators can be distinguished from normal scheduling control channel by a specified PI-RNTI. The UE in RRC_IDLE will wake up periodically and decode the scheduling control channel with the specified UE ID, read the contents to find if there exists a paging for itself. The difference between this scheme and the previous one is that only one specified PI-RNTI is needed. The paging indicators are included in the scheduling control channels and encoded with certain formats to indicate that some groups of UE may be paged. This scheme requires the scheduling control being able to accommodate the contents of the paging groups and this will be analyzed further in Section 3. 
3. Grouping of paged UEs and the capacity of PI channel
In the current TDD-LCR system the number of paging groups ranges from 22, 44 to 88. And in FDD mode the number is from 18, 36, 72 to 144. It can be assumed that the number of groups in 5MHz cell in LTE will not be less than 144.
To analyze how many bits can be used for the paging indicators in the scheduling control channel, we first have a look at the contents of the downlink scheduling control channel. The following table is included in [1] for downlink scheduling control information:

	
	Field
	Size
	Comment

	Cat. 1
(Resource indication)
	ID (UE or group specific)
	[8-9]
	Indicates the UE (or group of UEs) for which the data transmission is intended

	
	Resource assignment
	FFS
	Indicates which (virtual) resource units (and layers in case of multi-layer transmission) the UE(s) shall demodulate. 

	
	Duration of assignment
	2-3
	The duration for which the assignment is valid, could also be used to control the TTI or persistent scheduling.

	Cat. 2
(transport format)
	Multi-antenna related information
	FFS
	Content depends on the MIMO/beamforming schemes selected.

	
	Modulation scheme
	2
	QPSK, 16QAM, 64QAM. . In case of multi-layer transmission, multiple instances may be required.

	
	Payload size
	6
	Interpretation could depend on e.g. modulation scheme and the number of assigned resource units (c.f. HSDPA). In case of multi-layer transmission, multiple instances may be required.

	Cat. 3
(HARQ)
	If asynchronous hybrid ARQ is adopted
	Hybrid ARQ process number
	3 
	Indicates the hybrid ARQ process the current transmission is addressing.

	
	
	Redundancy version
	2
	To support incremental redundancy. 

	
	
	New data indicator
	1
	To handle soft buffer clearing.

	
	If synchronous hybrid ARQ is adopted
	Retransmission sequence number
	2
	Used to derive redundancy version (to support incremental redundancy) and ‘new data indicator’ (to handle soft buffer clearing).


By now the UE ID in the table is changed to 16 bits. Because the PI channel should be broadcast in the whole cell, the HARQ, link adaptation and beamforming related domains can be saved in the channel structure. The modulation scheme can also be set as fixed due to the required robust transmission scheme for broadcast information. Message related with the information of multi-antenna can be simplified because only diversity transmission scheme is possible for PI transmission. Maybe the only required information for multi-antenna transmission is the number of antennas, which can be transmitted in the system information. Duration of assignment can also be saved because PCH information is just transmitted in one TTI. 
In summary, the remained domains for PI transmission are the 16bit-UE ID, the resource assignment and the page indicators. The resource assignment should indicate the time-frequency position of the paging message, which is allocated by RBs or VRBs. It was assumed at RAN1#46bis that the PCH is transmitted in the centre 10 MHz bandwidth in 20MHz cell, which covers 50 resource blocks. If Bitmap is used to indicate the resource assignment, 50 bits is required. In fact this number can be potentially decreased compared with normal user data scheduling, where the RBs in the total more than 10MHz bandwidth are allocated.
Because the PI is encapsulated into the scheduling control channel, the domains in the channel structure which are not needed for scheduling users can be used to carry the PI information. The saved bits for PI are:

2~3(duration of assignment) + 2(modulation scheme) + 6(downlink HARQ related domain) + Multi-antenna related information + saved bits for PCH RB allocation compared with scheduling RB allocation
 = 10~11bits + multi-antenna related information + saved bits for PCH RB allocation compared with scheduling RB allocation. 

The total saved bits that can be used for transferring the PI would be a little more than 10 bits therefore. It means one PI channel can contain about more than 10 paging groups at most. If the length of the paging indicators is set bigger than 1, this number will decrease even more. As described in the previous section the number of paging groups in 5MHz cell in LTE will be not less than 144, multiple PI channels would be required to transmit the paging indicators. 
As described in section 2 there are three methods to identify the PI: 

· Reserving a fixed domain in the scheduling control channel
This method changes the structure of the scheduling control and introduces a fixed overhead 
· The paging indicators are identified by several PI-RNTIs, where each PI-RNTI corresponds to one group of UEs. 
In such a way, the multiple PI groups are classified by PI-RNTIs together with PI information in the scheduling control channel. The UE can judge which group it belongs to by some calculations related with their identities such as IMSI/TMSI. At first the UE will decode the PI-RNTI to see if it owns. If yes, it will then decode the scheduling channel and read the PI to see if its group is really paged. By such a two level grouping method, the UE can be grouped in multiple paging groups. However, because multiple PI-RNTIs are used, the mappings between the PI-RNTI and UE groups should be broadcast in the cell, which will increase the signalling overhead.
· Identify the PI by one specified PI-RNTI
According to previous analysis a scheduling control channel can not contain all the paging group information of the UEs in the cell and multiple scheduling control channels exist. If only one special PI-RNTI is used, the UE has to decode all the control channels to see if it is paged. If the number of scheduling controls is large, this method is quite inefficient. 
However, we can group the paging by the time-frequency positions of the PI channels together with PI information in the PI channel. The positions of the PI channels are allocated in a static or semi-static way. The UE can judge which group it belongs to by some calculations related with their identities such as IMSI/TMSI and get the position of the corresponding PI channel. Then it will decode the PI channel to read the PI information to see if its group is really paged. By such a two level grouping method, the UE can be grouped in multiple paging groups. The eNB decides the mappings between the scheduling control channels and the Groups. The UE belonging to specified groups can find its PI at specified PI channels whose positions are fixed. If the mapping is changed, the eNB can notify the UE about this. 
The third method can group the UEs in multiple groups by only one special PI-RNTI and has no additional overhead, so it is preferred. 
4. Further discussions on PI transmission
It is decided to be the working assumption that PCH is transmitted at the centre 10 MHz bandwidth in 20MHz cell. The UE’s receiving bandwidth capacity to be set as 15MHz, so the UE can receive the paging message in spite of which bands it camps on. Based on the same reason the scheduling control channel carrying the PI should also be transmitted at the centre 10MHz. 
The time-frequency resource positions of the PI should be static or semi-static and changed in a slow manner. Therefore the UE can find its PI at fixed position. If the positions of the scheduling control channels carrying the PI change, the eNB can notify the UEs in the cell by system information. 
5．Conclusion

In this document we discuss the transmitting mechanism of the Paging Indicators. It is suggested that PI is identified by a specified PI-RNTI in the L1/L2 scheduling control channel, the positions of the scheduling control channels carrying the PI are semi-static and the channels are transmitted at the centre 10 MHz in the 20MHz cell. 
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