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1. Introduction and Background

TS25.346 identifies the need for an MBMS paging indicator channel (often described as the “MICH”) to carry notifications of MBMS services. Two possibilities have been discussed for the implementation of the MICH:

1. Use the 12 spare bits on the Rel-99 PICH; 

2. Use a separate MBMS-specific PICH.

It seems likely that the 12 spare bits on the Rel-99 PICH will not provide enough paging indicators in all circumstances, and a separate “MICH” will be required for at least some of the time. Further, for the sake of simplicity it may be preferable to use only one solution for the MICH, in which case a separate MICH could always be used and the 12 spare bits on the Rel-99 PICH would remain spare. 

At the RAN1 Rel-6 ad-hoc in Espoo, R1-040069 was presented showing some possible physical layer multiplexing methods for the MICH, whereby the use of an additional channelisation code can be avoided, as recommended in [
], by modulating the PICH and MICH together in a backwards-compatible way.

Here we present some further analysis of the possibilities.

2. Analysis

We consider the first two of the modulation methods proposed in R1-040069 and summarised again below for reference:

Solution 1
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Figure 1: PICH constellation when simple on/off keying is used for the MBMS-specific PICH

In Figure 1, positions A and B are the normal Rel-99 PICH constellation points, representing ON and OFF respectively. These continue to be used when the MBMS-specific indication is OFF. When the MBMS-specific indication is ON, the corresponding PICH bits are transmitted with higher energy, so that Positions C and D are used. The meanings of the 4 constellation points are summarised as follows:

	Constellation point in Figure 1
	Rel-99 paging indication
	MBMS paging indication

	A
	ON
	OFF

	B
	OFF
	OFF

	C
	ON
	ON

	D
	OFF
	ON


Analysis

Solution 1 is attractive if on/off keying is required for MBMS. If the same Error Ratio performance is required for the MICH as for the PICH, the power requirement for the combined PICH/MICH in this case is summarised below
: 

	Power requirement for combined MICH/PICH relative to Rel-99 PICH (static channel)
	dB

	Peak MICH/PICH power
	+9.5dB 

	Average MICH/PICH power assuming typically 10% of MICH indicators are “on”
	+2.5dB


This solution causes no degradation to the Rel-99 paging reliability, and in fact has the additional benefit of improving the PICH reliability when MBMS paging is being used. It also avoids the use of an additional SF256 channelisation code. 

Solution 2
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Figure 2: QPSK PICH constellation when MBMS-specific PICH is coded together with dedicated PICH

Note that points A and B, the Rel-99 PICH positions, are not be used in this case. Instead, points E or G are used to indicate ON for the dedicated PICH, while points F or H are used to indicate OFF for the dedicated PICH. The meanings of the 4 constellation points in this case are summarised as follows:

	Constellation point in Figure 2
	Rel-99 paging indication
	MBMS paging indication

	E
	ON
	OFF

	F
	OFF
	OFF

	G
	ON
	ON

	H
	OFF
	ON


Analysis

As it is important to ensure backwards compatibility for any new MICH, we examine here the effect of the constellation shown in Figure 2 on the Rel-99 paging reliability, using non-ideal channel estimation with the following simulation assumptions:

P-CPICH Ec/Ior = -10dB

PICH SF = 256

Np = 72 paging indicators per frame. 

Channel estimate derived from P-CPICH for duration of paging indicator plus one symbol before and after. 

2 channel models: Static channel with 0dB geometry, and Case 3 (multipath, 120km/h) with –3dB geometry. 

The results are shown in the following Figures. Note that the minimum increase in Ec/Ior for adding a MICH with the same performance as the PICH would be 3dB. Therefore the results for the “Solution 2” constellation are also shown shifted by 3dB for comparison with the Rel-99 PICH simulation results. 
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Figure 3: Paging performance for Rel-99 UE in static channel
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Figure 4: Paging performance for Rel-99 UE in Case 3 channel

It can be seen from Figure 3 and Figure 4 that if the minimum 3dB extra power is used for combined MICH/PICH compared to the PICH alone, the effect on the Rel-99 paging performance is very small in both types of channel. On average, only about 0.4dB extra power is required to counteract the effect of channel phase estimation errors and give the same performance as for Rel-99. 

In other words, the average total power requirement for the combined MICH/PICH in this case is only about 3.4dB more than for the PICH alone in Rel-99.

Other advantages of this solution are that it gives a lower PAR for the base station transmissions compared to the use of an additional channelisation code, as well as avoiding the need for the additional channelisation code itself. 

3. Other considerations

The power offset of the Rel-99 PICH relative to the CPICH is signalled to the UE to assist the UE’s decoding process. In order to remain backwards-compatible, the signalled power offset value for solutions 1 and 2 should be the power offset corresponding to the equivalent Rel-99 paging indicator constellation points. 

For solution 1, the signalled power offset value would be the transmit power offset for constellation points A and B, while for solution 2 the signalled power offset value would be 3dB less than the transmit power for constellation points E, F, G and H.

For solution 2, when the MBMS is not active and the MICH is not needed, then the PICH/MICH constellation could be switched back to the Rel-99 one (saving downlink power). Clearly, Rel-6 UE’s supporting MBMS need to be informed when MBMS is active and the MICH is being used. Some similar signalling would be needed whatever solution is adopted for the MICH. 

In any case, the combined MICH/PICH described here can be transmitted without impacting the Rel-99 UEs.

A further advantage for both solutions 1 and 2 is for the UE receiver, where no additional channelisation codes need to be received by the UE. If a separate code channel were use for the MICH, then in some conditions the UE would need to simultaneously receive PICH and MICH on their respective different channelisation codes. 

4. Conclusions

Two possibilities have been analysed by which the MBMS notification channel (MICH) can be transmitted in conjunction with the PICH in a backwards-compatible way without requiring an additional channelisation code. 

In particular, for “solution 2”, it has been shown that only about 0.4dB more power is required than the minimum for a perfectly-orthogonal additional channelisation code, while maintaining the error performance of the Rel-99 PICH.

This does not seem a significant drawback compared to the benefit of saving an additional channelisation code. 

We recommend that one of solutions 1 or 2 is selected for the MBMS notification channel, and suggest choosing solution 2 on the basis of its lower peak power requirements. 

This decision can be made independently of the choice of coding scheme for the MICH.







































































































� Note that the minimum additional power requirement relative to the Rel-99 PICH would be +3dB if any sort of MICH is added with similar performance requirements to those for the PICH.
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