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1.
Introduction
In order to preserve the UE battery life during periods of inactivity of MBMS services, it was agreed to introduce a channel similar to the PICH, which the UE would be able to easily decode during its DRX cycle to figure out whether the desired service(s) has(ve) become available. 

According to 3GPP notation, the MBMS indication channel is called the MICH. Compared to the PICH, indications on the MICH would be set for a long period of time (modification period) in order ensure that all UEs have detected it (see [1]). Instead, for the PICH, the notification is set only during the paging occasions for the UE that needs to be paged. This means that the “load”, i.e. the number of indications, generated per service for the MICH is much larger than it is per user for the PICH. Furthermore, individual UEs may be subscribed to multiple services, further increasing their individual probability of false alarm (see [2]).
The general understanding is that UEs would be allowed to read the MICH notifications during their regular DRX cycle. For R’99, UEs are capable of waking up only during a fraction of the paging occasion frame in order to read the PI intended for them. If, however, in addition to their dedicated PI they need to read one or more NIs, they would need to keep their receiver on during a longer time interval. 

A number of enhancement proposals have been put forth to try to address the questions of false alarm and the UE wake up time issues. In this document we attempt to summarize each of the solutions and to analyze their interactions. Finally, we propose a way forward.

2.
Nomenclature
During the joint RAN1/RAN2 meeting in Montreal (RAN2 #41bis), there seemed to be a lot of misunderstanding about what each proposal was about, and whether different proposals were compatible or not. This seemed to stem from the lack of common terminology for identifying concepts. Below we are defining some terms that should make it easier for people to understand each proposal and how it relates to the rest.

NI: 
The logical binary information, specifying whether a notification is needed for a particular service during a given frame. Based on the agreement captured in [1], it will have the same value throughout a modification period.

Symbol: 
Set of modulation bits that can be set independently in a given MICH frame. Based on this definition, there is never any overlap between different symbols in the same frame. In the case of R’99, there are 288/Np consecutive modulation bits associated with each symbol.
Codeword: Set of symbols to which can be mapped the NI of a given service during a particular frame. In the case of R’99, each codeword is mapped to a single symbol (there are Np different codewords, where Np can vary from 18 to 144).

Codeword Sequence: The sequence of codewords allocated to a particular service in consecutive frames. 

3. Proposed enhancements
Most of the analysis below assumes that the number of services to which users can subscribe is much larger than the number of services active at any one time. This is equivalent to saying that the duty cycle of any particular service is relatively small. 
3.1
Use of On/Off keying

For R’99, the PICH uses QPSK transmission. The proposal is to instead use on/off keying for the purpose of MICH. This scheme was originally proposed at RAN2 #40 by [3]. 

In order to preserve the same performance, the power with on/off keying would need to be double that in the case of QPSK. Therefore, there would be a reduction in power usage only if the MICH loading, i.e. the average fraction of the symbols that are being set in a frame, is less than 50%. Note that it is unlikely that we would ever operate with a loading of more than 50% as this would lead to extremely high false alarm rates. 

Indeed, considering that a single user could be subscribed to multiple services (
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), the false alarm per UE will be given by:
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For reference, if a user is subscribed to 5 services, the probability of false alarm will be:

	MICH Load
	5.00%
	10.00%
	20.00%
	30.00%
	50.00%

	False alarm for a given UE without random scheme
	22.62%
	40.95%
	67.23%
	83.19%
	96.88%


The false alarm probability would therefore quickly reach 100% for such users. It is likely that we would want to operate at user false alarm rates of less than 20%. Therefore, on/off keying would always give some benefit compared to QPSK, even if we only consider a single subscription per user.

3.2
Introduce a larger number of codeword sequences

This scheme was originally proposed by Qualcomm in RAN2 with [3]. 

In the R’99 PICH each codeword is mapped to a single symbol and there are only as many codeword sequences as there are codewords. This means that if the indication of two services coincide during one frame, they will also coincide at every frame following that.

In the case of MBMS, the NI for a given service will be set during an entire modification period, which could be quite long (values of 5 seconds have been thrown around). During this time, UEs will most likely have the opportunity to decode the MICH multiple times. The idea is that by increasing the number of codeword sequences, we reduce the chance that all codewords corresponding to a given service and read by a given UE will be set when the NI is not set.

This is a very simple scheme that provides benefits independently of the service characteristics (MICH loading, number of subscribed services etc.). It also would not affect the number of symbols that the UE would need to read and therefore its battery life. The worse case is when UEs only read the MICH once, where the performance will be the same as the basic scheme.
Below we re-iterate some of the numbers that were provided during the last joint meeting in [4].
In this analysis we will consider the case where there are no errors in detection at the physical layer. Any errors would be caused by an overlap between indications for different services. For simplification, we will also assume that the NI positions used for each service are perfectly random. Therefore, the probability of an overlap between two indications at different times can be assumed to be perfectly independent.

Let 
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 represent the notification load of the system. This would essentially represent the probability that one of the MICH NIs is set. Let 
[image: image4.wmf]samples

N

 be the number of MICH frames during which the MICH is decoded. If the service the user is interested in is active, then all of the samples should be set. In theory, if even one of them is not set, this could be taken as an indication that the service is not active. In order to mirror a more realistic scenario in which some detection errors could occur we will assume that there should be at least two NIs indicating that the service is not present. Therefore, a false alarm would take place if at least 
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 falsely indicate the presence of a notification.

In that case, the probability of false alarm for a service would be:
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Because a user could be subscribed to multiple services (
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), the false alarm for the mobile would be:
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In the table below we are providing the values corresponding to users subscribed to 10 services. It is assumed that UEs will receive the MICH five times within one modification period (see [3]).

	Nb of MICH samples
	5
	5
	5
	5

	Nb of erroneous samples for false alarm
	4
	4
	4
	4

	MICH Load
	5.00%
	10.00%
	20.00%
	30.00%

	False alarm for a given UE without rand scheme
	40.13%
	65.13%
	89.26%
	97.18%

	False alarm across all samples for one service
	0.00%
	0.05%
	0.67%
	3.08%

	False alarm for a given UE with rand scheme
	0.03%
	0.46%
	6.52%
	26.85%


The benefit from using the randomization scheme is pretty clear from these numbers.

3.3
Spread modulation bits of a symbol across the frame

This scheme was originally proposed by Qualcomm in RAN2 with [3]. 

This scheme addresses the mapping between symbols and modulation bits. Instead of mapping symbols to a set of consecutive modulation bits as is done in R’99, they would be mapped to multiple sets of modulation bits distributed uniformly across the frame.

In the graphs below we are illustrating the principle. Each color corresponds to a given indication symbol. In R’99, all the modulation bits corresponding to a given symbol are consecutive:
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Here, we propose to instead separate the modulation bits into smaller sets and interlace them. Consider for example the case where we have four sets of modulation bits per symbol:
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This mechanism does not change the number of codewords or the loading. It will therefore not impact the false alarm rate. Its purpose is to reduce the average time during which the UE needs to wake up. Indeed, when the UE wakes up during a DRX cycle it will need to read both its regular PICH indication and the MICH indications corresponding to all the services it is subscribed to. By interlacing them, we are reducing the time between the PICH modulation bits and the closest set of modulation bits for a given NI symbol. The idea is that since the PICH is a common channel and transmitted at a power such that it can be received by all UEs, most of them will not require all the energy of the signal. Therefore, they can simply receive a fraction of the modulation bit sets corresponding to the symbol they want to decode.

The channel quality has a very large dynamic range. The geometry distribution corresponding to the case without soft handover can be used as an indication of the distribution of the relative power received by different users around the cell:
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The table below summarizes some of the values from this curve:
	CDF
	1%
	2%
	5%
	10%
	20%
	30%
	40%
	50%
	60%

	Geometry (dB)
	-6
	-5.2
	-4.1
	-3
	-1.5
	-0.3
	0.9
	2.3
	3.9


Of course, these numbers do not account for the presence of fading. However, it is expected that fading would only increase the dynamic range, thus simply accentuating the effects observed below.

The main observation from the geometry distribution is that the marginal power increment required in order to reach the last few percent of users is quite high. This means that the majority of users will be able to make do with significantly less power.

Let’s consider the case where the channel power is selected in order to reach 99% of users. Based on the geometry distribution, 90% of users would only require half of the power received. This means that if we were to split the modulation bits corresponding to a given symbol into two sets, these users would only need to receive one of the two sets. Their wake up time would therefore be reduced. The other 10% of users would need to receive both sets, thus requiring a longer wake up time. 

Note that as the coverage target is reduced, the gain from this scheme would decrease. Especially if the target goes below the 90% value, where we enter the linear zone in the distribution, there would probably be little benefit. 

Of course, this scheme could also be beneficial when combining energy across multiple DRX cycles. The UE could just pick up a single set of modulation bits in each DRX cycle and then combine them in order to achieve appropriate reliability. This may however make it more difficult to pick up false alarms due to the presence of other services and should therefore be clearly defined when specifying the UE behavior.

Note that fading could affect some of these conclusions. Although the distribution would have a wider dynamic range, the variations would be faster than just based on shadowing. This means that the channel conditions at different DRX cycles would be un-correlated and that by reading the MICH multiple times, the UE could reduce the probability of miss. The operating point itself would then depend on the number of times we expect the UE to wake up. In the analysis we had provided in [2] we were assuming that the UE could read the MICH five times during a modification period. This does not seem excessive considering typical DRX cycle durations.

3.4
Use multiple symbols per codeword
This was proposed by Samsung in [5].

The proposal is to have multiple symbols per codeword. This allows to increase the number of distinguishable codewords, but also increases the load, since each notification will result in setting multiple symbols.

The Samsung proposal was to use two symbols per codeword. Assuming that there would be no degradation in the detection performance because of the need to decode two symbols correctly instead of one, the resulting probability of false alarm would be:

	Load
	Nb symbols
	Resulting Load
	False alarm per service

	5.00%
	2
	10.00%
	1.00%

	10.00%
	2
	20.00%
	4.00%

	15.00%
	2
	30.00%
	9.00%

	20.00%
	2
	40.00%
	16.00%

	25.00%
	2
	50.00%
	25.00%

	30.00%
	2
	60.00%
	36.00%

	35.00%
	2
	70.00%
	49.00%

	40.00%
	2
	80.00%
	64.00%

	45.00%
	2
	90.00%
	81.00%

	50.00%
	2
	100.00%
	100.00%


Therefore, the performance is better as long as the load is lower than 25%. At that point, the false alarm probability becomes larger than the load, which means that the single symbol false alarm would be lower.

As explained above, we would expect to operate at loads lower than 20%. In such cases, this scheme would provide some benefit. There are still a number of concerns:

1. We are assuming that de-coding at the physical layer will be perfect, without taking any margin. This is as opposed to the calculations for the scheme in section 3.2, where we assume that at least two “offs” should be decoded to declare that the UE does not need to read the MICH.

2. Because the UE would always need to read two symbols, it would most likely need to be awake for a longer time. Note that compared to the scheme described in section 3.3, in this case the UE would not be able to take advantage of good signal quality in order to avoid reading the second symbol. 
4.
Scheme Illustration

4.1
Scheme Summary

Based on the descriptions above, we can summarize the aspect that is affected by each of the proposed schemes:

On/off keying (section 3.1): Modulation used for the modulation bits themselves

Number of codeword sequences (section 3.2): Codeword sequence associated to a given NI

Spreading of symbols across frame (section 3.3): Modulation bits associated to a given symbol

Use multiple symbols per codeword (section 3.4): Number of symbols associated with a single 

As can be seen each of these mechanisms affects a different aspect of the mapping between the notification value and the actual physical signals transmitted.

In what follows we will not address the on/off keying scheme as that should be relatively clear to everyone.
4.2 Basic scheme comparison

Current PICH scheme

With the current PICH scheme, once two PIs coincide on one frame, they would coincide for all subsequent frames.

[image: image12]
Position randomization (from section 3.2)

With this proposal, there would be more codeword sequences than the number of symbols. Therefore, even if two PIs coincide on one frame, they would probably not coincide on subsequent ones.

[image: image13]
Symbol spreading across frame (from section 3.3)

In this case, the modulation bits associated with a given symbol would be split into multiple sets. In the illustration below we assume that there are two separate sets per symbol. Although this is not captured in the illustration below, the assumption is that 
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As can be seen, this scheme does not affect how much energy/modulation bits are allocated per symbol. It just affects how these bits are distributed across the frame. Note also that there would typically be a strict relationship between the position of the two sets of modulation bits.

Multiple symbols per codeword (from section 3.4)

In this case, there are two different symbols used for the same notification codeword.


[image: image15]
4.2 Combinations

Mechanisms 3.2 (randomization)+ 3.3 (distribution of symbols)

This looks pretty much the same as 3.3 by itself except that collisions are no longer correlated across frames.

[image: image16]
Mechanisms 3.2 (randomization)+ 3.4 (multiple symbols per codeword)

This looks pretty much the same as 3.4 by itself except that collisions are no longer correlated for different frames.

[image: image17]
Mechanisms 3.3 (distribution of symbols)+ 3.4 (multiple symbols per codeword)

This looks pretty much the same as 3.3 by itself except that there are now two symbols per codeword.

[image: image18]
All three mechanisms

This looks pretty much the same as the case above, except that the collisions are not correlated across frames.

[image: image19]
5.
Conclusion
In this document we have summarized all the improvements that have been proposed for the MICH, compared to the basic PICH as described in R’99. 
The conclusions that we draw are as follows:
· None of the schemes are exclusive. Therefore, each one’s inclusion can be considered completely independently from all the others.

· The on/off keying and position randomization schemes (described in section 3.1 and 3.2) provide benefits in any reasonable operating condition and do not have any downside. Therefore, we propose that they be included as working assumptions for the MICH.

The benefit of the scheme where bits are distributed across the frame (described in section 3.3) depends on how the system is operated. Also, there are users for which it would be detrimental. We consider it to be useful, but the case for it is not as clear cut as for the other two. Similarly, the scheme with the multiple symbols per frame (described in section 3.4), could provide some reduction in the false alarm for the most likely operating conditions. On the other hand it would likely increase the average UE power usage. Also, the performance analysis assumed perfect detection of the modulation symbols. Depending on the error rate, these conclusions may be affected. Therefore, we also see grounds for contesting the usefulness of this scheme. We therefore merely consider these schemes as good to have and we do not want to push for a specific working assumption.
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