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Summary

In order to save battery consumption, it is important to minimise the information the UE has to receive, demodulate and analyse while in idle mode. Essentially, this will be achieved by defining paging groups corresponding to paging sub-channels within the multiframe structure of CCPCHs. UEs are assigned to paging groups in a pre-determined way taking into account the UE identification. The UE then uses DRX, i.e. listens only to its own paging sub-channel. The power consumption can be decreased furthermore by using paging flags that indicate the presence of paging messages for the particular paging group. This scheme is already used in FDD mode and can be easily adopted to TDD mode. We propose a particular structure for the paging channel, where the paging indicators are placed adjacent to the midamble. The paging message is transmitted in the remainder of the slot.

1
Definition of paging sub-channels

The Paging Channel (PCH) in UTRA TDD mode is mapped to the CCPCH within a multiframe structure. Examples of multiframe structures of the CCPCH are given in [1] and will be incorporated in [2]. The inherent timing in TDD mode and the multiframe structure allow for a definition of temporal spaced paging sub-channels and corresponding paging groups. These paging sub-channels are comparable to the paging blocks as defined for FDD. Thus, UEs belonging to a paging group can use DRX, i.e. listen only to those paging sub-channels that are assigned to its own group. This will drastically reduce power consumption for UEs being in idle mode.

Each paging sub-channel consists of N paging bursts in the same time slot of N consecutive radio frames, see figure 1. The number L of paging sub-channels per CCPCH depends on the number of PCHs in the superframe and the number N of the paging bursts per sub-channel. We propose to use N=2. This allows for an appropriate interleaving, does not restrict the number of paging groups too much and limits the opening of the receiver to about 10ms within a superframe.

Moreover, the number of sub-channels is increased by defining superframe cycles, in which individual sub-channels can occur. This is shown in figure 2. The number M of intermediate superframes, not used for the own sub-channel, allows for a trade-off between power consumption in the UE and access time. The complete channel configuration will be broadcast in the cell.
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Figure 1  Paging sub-channels in a given multiframe structure
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Figure 2  Paging sub-channels in a superframe cycle

3
Definition of the paging indicator

In the above process the UE always has to decode a complete slot of its associated paging sub-channel to get the information if there is a paging message or not. Decoding of not existing paging messages leads to an unnecessary power consumption in the UE that can be avoided by indicating the presence of paging messages (PM) with particular paging indicators (PI). If the PI reliably indicate that there is no paging message for the paging group, the paging message does not need to be decoded, thus avoiding a considerable part of the computational complexity. This scheme has been already introduced to the FDD mode, cf. [3],[4], and can be easily adopted to TDD.

We propose the possibility for transmission of paging indicators in the PCH. Transmission of PI is done in the data parts of the burst structure. Hence the midamble structure and length is not changed. The PI is to be transmitted directly adjacent to the midamble. Figure 3 shows the position of the PI in the burst structure. This position allows for the most reliable detection.


[image: image1.wmf]Paging Message, part 1 (PM1)

Midamble

PM2

GP

625

m

s

PI

512/256 chips


Figure 3  Position of the PI in the burst structure

The PI is spread with the same spreading factor (SF) as the paging message, i.e. SF=16. Dummy bits are sent, if there is no paging message. The PI serve exactly the same function as the PI in the FDD mode. To achieve a good PI detection reliability on the one hand and a low false alarm rate on the other, we propose a PI length of 6 symbols, separated in two parts of 3 symbols length each, one before and one after the midamble. The UE only monitors its PIs and if it determines that there is a PM, it decodes the complete paging message that have to be stored for this purpose. The coding of the PI is shown in table 1.

Bit
Content

All ‘0’
There is no Paging Message, discard storage of PCH burst

All ‘1’
There is a Paging Message, decode stored PCH burst

Table 1  Coding of the PI

The paging procedure regarding the UE and network operation can be chosen from [4] without major changes, see below for appropriate text proposals.

4
Conclusion

We propose the definition of paging sub-channels and of paging indicators (PI) that are used to indicate to an UE that there may be a paging message (PM) intended for it. This indication will be transmitted in the burst structure directly adjacent to the midamble. The detection of the PI avoids decoding of the complete data burst when there is no PM for the particular paging group. The benefit of this proposal consists in the reduction of power consumption.

5
Textproposals

We recommend to include the following changes/additions into the technical specification 25.221, 25.222 and 25.224, accordingly. Changes/additions are given according to the following versions: 25.221 Vers. 1.0.0, 25.222 Vers. 1.0.0, 25.224 Vers. 1.0.0.

Textproposal for TS 25.221 (Change)

6.2.2 The Paging Channel (PCH)

The PCH can be mapped onto any combination of time slots and codes so that capacity can be matched to requirements. The location of the PCH is indicated on the BCH. It is always transmitted at a reference power level.

To allow an efficient DRX, the PCH is divided into several paging sub-channels within the multiframe structure of one superframe, see figure 13. Each paging sub-channel consists of 2 paging bursts in the same time slot of 2 consecutive radio frames. Thus, the number L of paging sub-channels per CCPCH depends on the number of PCH in the superframe. Layer 3 information to a particular paging group is transmitted only in the associated paging sub-channel. Therefore, a UE that belongs to one paging group has to monitor its associated paging sub-channel only.
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Figure 13  Paging sub-channels in a given multiframe structure

The number of sub-channels is increased by defining superframe cycles, in which individual sub-channels can occur. This is shown in figure 14. The number M of intermediate superframes, not used for the own sub-channel, allows for a trade-off between power consumption in the UE and access time.
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Figure 14  Paging sub-channels in a superframe cycle

The complete channel configuration has to be broadcast in the cell.

In each burst of the paging sub-channel a paging indicator (PI) is transmitted adjacent to the midamble, to indicate whether there is a paging message (PM) for the associated paging group or not. To ensure a reliable indication, the PI consists of six symbols, the first three of them transmitted before and the last after the midamble. The PM itself is transmitted in the remaining data part of the slot, see figure 15.
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Figure 15  Position of the PI in the paging burst

The PI is spread with the same spreading factor (SF) as the paging message, i.e. SF=16. Dummy bits are sent, if there is no paging message.

Textproposal for TS 25.222 (Addition)

6.3.2 Coding of Paging Indicator (PI)

The PI is an identifier to instruct the UE whether there is a paging message in the paging sub-channel for the paging group the UE belongs to. If the PI is set, the UE has to decode the PCH burst. The coding of the PI is shown in table 6.3.2-1.

Bits
PI
Content

All ‘0’
not set
There is no Paging Message, discard storage of PCH burst

All ‘1’
set
There is a Paging Message, decode stored PCH burst

Textproposal for TS 25.224 (Addition)

Annex A (informative): Other procedures

A.1
Paging procedure

A.1.1
Network operation

Every UE belongs to one group. When there exists a paging message for the UE, the paging message is transmitted on the paging sub-channel of the PCH to the UE’s group. The paging message includes the mobile station identification number of the UE for which the paging message was intended. The paging indicator (PI) is transmitted in the paging sub-channel, as well, to indicate the presence of a paging message.

The exact behaviour of the network is described as:

For the PCH of the group which does not have a paging message:

· The network shall transmit the PI in the PCH as “all 0”. 

· The paging message part is filled with dummy bits.

For the PCH of the group which have a paging message:

· The network shall transmit the PI in the PCH as “all 1”.

· The paging message part shall be transmitted within the same paging sub-channel.

A.1.2
UE operation

The idea behind the detection of paging messages is to open the receiver for the duration of the paging burst of the own paging sub-channel only. The complete data part is stored, but only the paging indicator is detected. If it indicates a paging message for the group the UE belongs to, the actual (stored) paging message is decoded.
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