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Summary: This document looks at how to avoid the additional PICH for MBMS purposes and at the same time allow for providing a sufficiently high number of PIs (Paging Indicators) for MBMS purposes, while still using some or all paging occasions as defined for dedicated paging also for MBMS paging. This can be achieved by “stealing bits” from the available R99 PI or by “sharing bits” with the R99 PI.

1. Introduction

RAN2 has discussed a number of options on how to support paging for MBMS. Consensus seems to be that paging for MBMS should work with discontinuous reception as it is the case for dedicated paging already in R99. In R99, a UE wakes up in specific radio frames (a paging occasion), and checks, whether the paging indicator assigned to this UE is set to “on”, in which case the UE also reads the PCH to see, whether it is addressed by the paging message. This DRX’ing is most important for UEs in idle mode for energy consumption reasons, but also for UEs in CELL_PCH and URA_PCH states. 

RAN2#39 revealed that it seems impossible to agree on paging mechanisms for MBMS purposes, which use the available R99 Paging Indicators only. Such mechanisms would cause UEs not capable of (or not interested in) MBMS content reception to read the PCH after finding their Paging Indicator set to “on” (because it is used for MBMS paging), although it is certain that the PCH does not carry a dedicated page for these UEs. If the paging occasions for dedicated paging and MBMS paging are to be the same (low complexity, lower energy consumption), such mechanisms would result in false alarms for R99 UEs, which seems to be unacceptable. If an additional paging occasion is provided for MBMS paging, an MBMS-UE would have to wake up at least once more often (i.e. in the paging occasion for MBMS paging), causing higher energy consumption for an MBMS-UE. 

Note, that already in R99 all SFNs within a system frame of 4096 radio frames are paging occasions of R99 UEs (see formula for computing the paging occasions in 25.304). Hence, it seems possible only by changing R99 to provide additional paging occasions for MBMS purposes exclusively, so that there are no false alarms for R99 UEs. Just defining a new DRX cycle for MBMS purposes would not avoid false alarms completely, though it might reduce the risk.

As of RAN2#39, the remaining proposals for providing this DRX’ing also for MBMS paging are as follows:

(1) Apply the unused 12 bits on the R99 PICH for MBMS purposes:

a. Define – as already for dedicated paging – several different PIs for MBMS, i.e. 12 MBMS-PIs of 1 bit, 6 MBMS-PIs of 2 bits, 4 MBMS-PIs of 3 bits, 3 MBMS-PIs of 4 bits, 2 MBMS-PIs of 6 bits or 1 MBMS-PI of 12 bits are possible, and they could be configured (as it is done for the PIs for dedicated paging, where Np gives the number of PIs: Np=18, 36, 72, 144.) The assignment of the PIs is done implicitly by means of a TMGI mask. [1]

b. Use the 12 bits to carry the bits of a (12,8) codeword, hence 28 = 256 different codewords can be sent, by which MBMS services or other MBMS aspects could be distinguished. [2]

(2) Define an additional PICH for MBMS purposes, i.e. allocate an additional spreading code of SF=256 for MBMS paging purposes only. Due to the unused 12 bits on the R99-PICH, which still can be applied, several options result with an additional PICH for MBMS purposes:

a. Not apply  the 12 unused bits at all [3]: 

The simplest way to use this separate PICH for MBMS purposes is to define Paging occasions for different MBMS services, and let a Rel-6 UE waiting for MBMS service announcements wake up both for dedicated paging (to read the R99 PICH) and for MBMS paging purposes (to read the MBMS PICH). In general, this means that a UE interested in MBMS service announcements would have to wake up more often than in R99/Rel-4/Rel-5 (since there are paging occasions for dedicated paging and for MBMS paging), where the UE only monitors the PICH for dedicated paging.

b. Apply the 12 unused bits on the R99-PICH in combination with the MBMS PICH [3]: 

The 12 unused bits form a flag, which tells the Rel-6 UEs that they should read the MBMS PICH to see based on the service Id, which service is going to be announced. If a service is announced, which a particular UE is interested in, this UE would retrieve more information on this via the MCCH. Obviously, such an approach is only advantageous, if decoding the MCCH is more costly in terms of energy than reading an MBMS PICH frame.

c. Depending on the MBMS traffic load (offered by the CN for particular radio cells or sets of radio cells) [4] switch between applying 


- the 12 unused bits on the R99-PICH, and


- the MBMS-PICH: 

In low load scenarios only the 12 unused bits would be used and no MBMS-PICH is configured. In high load scenarios only use the configured MBMS-PICH. This switching between the two options needs to change the assignment between PI and the corresponding MBMS services, which assignment has to be broadcast depending on the MBMS traffic load (offered by the CN).

RAN2#39 left the use of an additional PICH for MBMS purposes for further study, see also [5]. A clear drawback of the additional PICH lies in the fact that an additional spreading code is needed. In the downlink, there is already a code shortage problem, which would be increased further. 

The alternative of switching between applying a further MBMS PICH depending on the traffic load in [4] mitigates the negative effect of an additional code to some extent. However, it would clearly be better to avoid the potential need for a further MBMS PICH.

However, it is not obvious that in an “MBMS hot spot”, where multitudinous MBMS services are offered, the number of dedicated connections between UE and NW necessarily would be lower than in other radio cells. From the perspective of maximising the number of calls, which a UTRAN can accept – usually the interest of an operator – it seems to be a bad choice to reserve an additional spreading code for a PICH for MBMS purposes, unless there are no other solutions.

2. How to avoid an additional PICH for MBMS purposes

The current R99 PICH can be configured to have Np=18, 36, 72 or 144 PIs. The PIs then consist of 288/Np bits, which are all set to “+1”, if the PI is “on”, and they are set to “0” (i.e. no energy is sent, DTX), if the PI is “off”. With the different values of Np, there are the following numbers of bits per PI:

	Np
	Bits per PI (288/Np)

	18
	16

	36
	8

	72
	4

	144
	2


A UE implementation would typically soft-combine the soft-bits of each of the bits of a PI, and then take a threshold decision, which then results in “on” or “off” for this particular PI. 

2.1 Stealing bits from R99-PIs to implement MBMS-PIs

Introduction of a new PI for MBMS purposes (without a need to touch UE implementations of releases earlier than Rel-6) is possible by stealing bits (preferably one bit) from each of the available PIs (In the following a block of 288/Np bits, which is a PI in R99, is just called “block Bb” or a “Bb”.)
: This seems to be feasible at least for Np=18, 36 and 72.

E.g. with Np=18, a Rel-6 UTRAN would e.g. send 

· for dedicated paging: only the first 15 bits set to “+1” of a PI, if this PI is to be set to “on”. 

· for MBMS paging: the last bit of a PI set to “+1”, if this PI is to be set to “on”.

Of course, any other than the 16th bit could be stolen in a PI, or even a different bit in each PI could be stolen.

We have 3 cases for how the Np blocks (called “Bb”) of 288/Np bits can be set (in the current example Np=18 is assumed):

a) Rel-6 UTRAN only sends one or several PIs for dedicated paging, i.e. the first 15 bits are set to “+1”, the 16th bit is set to “0” in all Np blocks Bb. A Non-MBMS-UE
 would consider all 16 bits, i.e. also the 16th bit in the decoding process. Since it is set to “0”, the accumulated peak after soft-combining is slightly lower, but still a dedicated page would be recognized by the Non-MBMS-UE. In order to compensate for this reduction of the transmitted energy, the energy sent per bit could be increased by the factor 16/15, and the same reliability of the modified PI would be achieved as the reliablity of the R99-PI.

Since none of the 16th bit of the Np blocks Bb is set to “+1”, MBMS-UEs
 would not detect a page for MBMS purposes, and they would not read the MCCH. 

b) Rel-6 UTRAN only sends an MBMS page, i.e. the 16th bit of the Np blocks Bb are set to “+1”, while the the other bits are set to “0”, i.e. are DTX’ed. Non-MBMS-UEs would not detect a dedicated page, since the received energy is by a factor 16 lower than the energy detected for a PI that is set to “on”. In terms of the energy E_threshold needed to reach the threshold, the received energy in this case should be around a factor 8 lower than E_threshold, i.e. the resulting peak should be well below the threshold. Since Np=18, the number of bits forming the MBMS PI is 18, and so the energy per bit can be reduced by a factor 16/18 compared to the energy that would be used on these bits in a R99 PI, thus further reducing the risk of a false alarm for dedicated pages.

c) Rel-6 UTRAN sends both an MBMS page and one or more dedicated pages. Now, in some of the Np blocks Bb (or even all of them) all bits are set to “+1”, while there are some blocks Bb (or even no), in which only the 16th bit is set to “+1”.

For Np being small (18, 36) it seems feasible to even steal more than 1 bit, and compensate the missing energy by increasing the transmission energy of the remaining bits accordingly, in order to avoid that the risk of missing dedicated paging attempts is increased. Stealing more than 1 bit would, however, mainly make sense, if the additional bit were used for another MBMS PI, since (due to soft-combining the bits of a PI) the false alarm probability for dedicated paging only depends on the overall energy sent within the blocks Bb. 

2.1.1 Interoperability issues 

No problems for interoperability between R99-UTRANs and MBMS UEs. 
With such a scheme there is no interoperability problem between MBMS-UEs and R99-UTRANs, although R99 UTRANs would set all bits of a PI equal to “+1” if this PI is set to “on”: This is simply because MBMS-UEs would not wait for MBMS pages in a UTRAN not supporting MBMS: MBMS-UEs would know from the missing MBMS announcement on the BCH, that this UTRAN does not support MBMS. Hence, MBMS-UEs would switch off the ability of being paged for MBMS in a R99-UTRAN, i.e. the MBMS-UEs would not try to decode an MBMS-PI using the stolen bits, but would do decoding of the PICH in exactly the same way as R99-UEs
, or stated a bit differently, in a R99-UTRAN (or any UTRAN not offering MBMS), MBMS-UEs would only use the R99 dedicated paging engine, and no interoperability problems arise. 

No problems for interoperability between MBMS-UTRANs and Non-MBMS-UEs.
Non-MBMS-UEs would consider all Np bits to detect, whether a PI is set to “on”. If the MBMS-UTRAN only sends a dedicated page, the stolen bit of the corresponding block Bb would be DTX’ed, and the TX energy per bit of the dedicated-paging-PI would be increased in order to compensate for the missing energy. Hence a Non-MBMS-UE would not notice any difference. 

If only an MBMS-PI is set to “on”, a Non-MBMS-UE monitoring a block Bb, from which a bit was stolen for the MBMS-PI, that is set to “on”, this single bit does not carry enough energy to cause a Non-MBMS-UE to detect its dedicated-paging-PI to be set to “on”. 

If a dedicated page is sent in a block Bb, from which a bit is stolen for an MBMS-PI, which is also set to “on”, a Non-MBMS-UE monitoring Bb as its dedicated-paging-PI, will find all bits of the block Bb set to “+1”, hence it will correctly detect the dedicated-paging-PI to be set to “on”.
2.1.2 Ways to further reduce the false alarm probability for dedicated paging

Another option of the idea of bit stealing as described above is to (also) use “-1” in the MBMS-PI instead of  only “+1”, since “-1” is not used on the R99 PICH. It is then even possible to play with the energy of the stolen bits, and it therefore opens more possibilities to increase the number of MBMS PIs per PICH frame especially: E.g. with Np=18 and “+1” used both in PIs for dedicated paging and PIs for MBMS paging (obtained by stealing one bit from each R99-PI), the energy per bit used for MBMS-PIs should be in the range of the energy per bit used for the dedicated-paging-PIs. Otherwise, the risk increases that when dedicated-paging-PI-bits of a block Bb (of 288/Np=:Bbs bits) are set to “0”, but the MBMS-paging-PI-bit of the same block Bb is set to “+1” and sent with an energy corresponding to e.g. Bbs/2 * Ebit-dedicated-paging that also the dedicated-paging-PI is considered to be “on”, although it was not. This can be circumvented as follows with using also “-1” for MBMS-paging-PIs according to the following rules:

	(*) 
	1. As in R99, Dedicated-paging-PIs are sent with all bits set to “+1”, if the PI is “on” and with “0” if the PI is “off”. 

2. Bits of an MBMS-Paging-PI, when it is set to “on”, are sent with “+1” or “-1” depending on whether the Dedicated-paging-PI in a block Bb, which contains a bit of this MBMS-Paging-PI, is set to “on” or “off” as follows:

i) If the Dedicated-paging-PI in a block Bb, which contains also a bit of an MBMS-Paging-PI, is set to “on”, 
and this MBMS-paging-PI is also set to “on”, the bit of the MBMS-Paging-PI uses “+1”
ii) If the Dedicated-paging-PI in a block Bb, which contains also a bit of an MBMS-Paging-PI, is set to “off”, 
and this MBMS-paging-PI is also set to “on”, the bit of the MBMS-Paging-PI uses “-1”.



This is illustrated further in the next figure.

The simplest decoding engine in an MBMS-UE could then be as follows:

1. For dedicated-paging-PIs exactly the same decoding procedure is applied as in a R99 implementation.

2. For MBMS-PIs: All blocks Bb, which contain a bit shared between dedicated-paging-PIs and the MBMS-PI to be decoded are considered together. The bits stolen (in these blocks) for the MBMS-PI to be decoded are sampled, the absolute value is determined, and the resulting values are soft-combined.

The following figure illustrates the above defined rules for setting the bits of the MBMS-PI:
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Here, the energy sent per bit for MBMS-PIs is shown to be somewhat bigger than the energy per bit for the dedicataed-paging-PIs, since in this example only 3 bits are used per MBMS-PI, while it could be 16, 8, or even 4 bits for the dedicated-paging-PI (Np=18, 36, 72). In a block Bb, in which only the dedicated-Paging-PI is set to “on”, the bit stolen for an MBMS-PI, which is set to “off”, is set to zero, i.e. sent with no energy (DTX’ed). Therefore, in order to keep the detection reliability compared with a R99-PI, the energy per bit of the dedicated-Paging-PI is increased. This is also shown in the figure (for the last but 3 dedicated-paging-PI). 

With these rules, it is ensured that whenever within a block Bb there is a dedicated-paging-PI set to “on”, no bit of the block Bb is set to “-1”. This is important, since in implementations of R99 decoding engines for the PICH all bits of the block Bb form the dedicated-paging-PI. Applying soft-combining over all bits in the block Bb, a bit value “-1” (in a R6-UTRAN meant to be a bit of a MBMS-paging-PI) would then cause the accumulated peak value to become smaller than it should be (since the quantised amplitude detected for the “-1” bit will be negative). Especially, if Bb only comprises two bits (Np=144) this could cause a dedicated page to be missed, which has highest importance to be avoided. 

Note that if in a block Bb both the Dedicated-Paging-PI-bits and the bit for an MBMS-Paging-PI are set to non-zero, i.e. according to 2i) are all set to “+1”, the energy sent for the MBMS-Paging-PI bit can easily be made higher than the energy per bit of the Dedicated-Paging-PI-bits if necessary. Such an increase would cause harm to the Dedicated-Paging-PI, it actually improves the reliability of the Dedicated-Paging-PI. 

Thus, full freedom in setting the energy per bit of the bits of an MBMS-Paging-PI is achieved.

Assuming, that an MBMS-PI is formed by 3 (stolen) bits, 24 different MBMS-PIs can be provided as shown in the following table. Increasing the number of stolen bits forming the MBMS-PI (and at the same time decreasing the number of MBMS-PIs) can – as usually – reduce the necessary transmitted energy per bit to achieve the required reliability.

The following table explains this and shows the numbers of MBMS-PIs which can be supported in addition to the Np dedicated-paging-PIs. The given numbers are independent of the choice of Np, though, of course, other numbers of MBMS-PIs can be provided, if they are allowed to depend on Np:

	Np (number of dedicated-paging-PIs)
	Number of bits per block Bb
	Number of bits stolen per dedicated-paging-PI
	Number of MBMS-PIs when forming the MBMS-PI by X stolen bits

	
	
	
	X=3
	X=4
	X=6

	18
	16
	4
	24
	18
	12

	36
	8
	2
	24
	18
	12

	72
	4
	1
	24
	18
	12

	144
	2
	0.5 (= only from every second dedicated-paging-PI a bit is stolen, or alternatively involve 2 dedicated-PIs to steal one bit) 
	24
	18
	12


In [4], it is assumed that an MBMS PICH will typically have 18 PIs. If this is correct, the above described approach would allow to provide a sufficient number of MBMS-PIs without requiring an additional MBMS-PICH occupying an additional spreading code of SF=256. 

It might be even possible to provide as many as 72 MBMS-PIs, which then – of course – requires a higher transmission energy per bit for dedicated-paging-PIs and MBMS-PIs (the latter being already the case in R99, when Np=144 is configured.). This is shown for the case Np=144 in the following figure:
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In this example, it is assumed that MBMS-PIs consist of two bits, and dedicated-paging-PIs are configured to use at “most 2 bits”, hence – to achieve the same reliability for both types of PIs – the overall energy for dedicated-paging-PIs and MBMS-PIs is assumed to be the same: For the dedicated-paging-PIs 11 and 12, only one bit of the 2 bits available in R99 is used, since only dedicated paging is to be signalled. This single bit is sent with double the energy as indicated by the figure in order to compensate for the fact that the bit (stolen for providing an MBMS-PI) is DTX’ed. In contrast to that dedicated-paging-PIs 9 and 10 use 2 bits, since also the corresponding MBMS-PI is set to “on”. 

Note that a full doubling of the energy for a dedicated-paging-PI bit, when the stolen bit is DTX’ed, can be avoided in some cases, namely, if no two neighbouring dedicated-paging-PIs are set to “on”. This is shown for dedicated-paging-PI 6. The additional energy sent on the second bit (stolen for an MBMS-PI) has to be low enough so that the false alarm for this MBMS-PI does not get too high.

2.2 “Sharing a bit” for providing MBMS-PIs

In the description so far, the stolen bit of a block Bb is DTX’ed, if the MBMS-PI, to which this bit belongs, is set to “off”, while the other bits of the block may be set to “+1” (with sufficient amplitude), since the corresponding dedicated-paging-PI is set to “on”. For Np=144, this might cause problems for dedicated-paging-PIs, since due to the DTX’ing all energy has to be sent on one bit of the dedicated-paging-PI (or with some tricks some small amount of energy is also sent on the second bit). The best solution would therefore result, if it were possible to send the energy of the dedicated-paging-PI also on both bits (equally distributed). This leads to a concept, in which a bit is no longer really stolen for providing an MBMS-PI, but rather “shared” by a dedicated-paging-PI and an MBMS-PI.

This is shown in the following figure:
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The essential difference compared with (*)
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 is that if in a block Bb a dedicated-paging-PI is set to “on”, and the bit of this block used for an MBMS-PI, belongs to an MBMS-PI, which is also set to “on”, (as it is the case for e.g. dedicated-paging-PIs 9 and 10 in the above figure) this bit is sent with an increased energy E_shared_bit. The straight-forward rule for the energy setting would be 

E_shared-bit - E_bit_R99 = E_bit_MBMS-PI.

since then it is made sure that the energy per bit sent for and MBMS-PI is the same as for a dedicated-paging-PI in R99, and the reliability of the MBMS-PI should be the same as that of the dedicated-paging-PI in R99.

The decoding engine in an MBMS-UE could then be as follows:

1. For dedicated-paging-PIs exactly the same decoding procedure is applied as in a R99 implementation.

2. For MBMS-PIs, the following is done: All blocks Bb, which contain a bit shared between dedicated-paging-PIs and the MBMS-PI to be decoded are considered together. These blocks form the Bb-group of the MBMS-PI. 

a. First it is determined, in which of the blocks of the Bb-group, a dedicated-paging-PI is detected to be set to “on”. These are called the dp-blocks. The remaining blocks of the Bb-group are called the MBMS-blocks.

b. In all dp-blocks the sampled amplitude of the shared bit is reduced by an offset (to remove the “signal-portion” of the dedicated-paging-PI) and the resulting sample value is considered as the bit amplitude of the MBMS-PI-bit carried by the shared bit of this block Bb.

c. In all the remaining MBMS-blocks (in which per definition no dedicated-paging-PI is set to “on”), the absolute value of the sampled amplitude of the shared bit (which should be negative, since “-1” is sent, if it is a bit of an MBMS-PI that is set to “on”, or zero, if the MBMS-PI is set to “off”) is taken, and this is considered as the bit amplitude of the MBMS-PI 

d. The bit amplitudes of all shared bits of the Bb-group are soft-combined, and if the accumulated value exceeds a certain (positive) threshold, the MBMS-PI in question is considered to be set to “on”. In all other cases, it is considered to be set to “off”.

2.3 Only using “-1” bits for MBMS-PIs

Yet another option is to only apply “-1” bits for MBMS-PIs, since R99-UTRANs only send “0” or “+1” on the PICH. Then the same PICH structure could be used for MBMS-PIs as in R99 for dedicated-paging-PIs, i.e. defining an MBMS-PI to be set to “on”, if 288/Np consecutive bits are set to “-1” (in all other cases, the MBMS-PI would be set to “off”). A drawback would however be that within one block Bb only either a dedicated-Paging-PI or an MBMS-PI can be set to “on” at the same time. This could become an issue, if the DRX cycle of a UE is long. Maximum DRX cycle length is 512=29 for k=9 (k: DRX cycle length coefficient), i.e. assuming that dedicated-paging-PIs have precedence over MBMS-PIs (which seems to be the only choice), often an additional 512 x 10ms = 5.1s (or a multiple of this) could be needed for a UE to become aware of an MBMS page. This seems to be unacceptably long.

3. Applying bit stealing or bit sharing together with the 12 spare bits to obtain MBMS-PIs

Clearly, the above described approach can also be applied with taking the 12 spare bits on the current PICH into consideration. This could potentially offer improved performance especially in the case that the number of MBMS-PIs has to be big, or when Np=144 is configured, so that the dedicated-paging-PIs only consist of not more than 2 bits.

4. Using the stolen bits of the MBMS-PI to form a codeword of a block code

The stolen bits of the MBMS-PI could also be used to form a codeword of a block code (potentially together with the 12 spare bits) as already proposed in [2] for the 12 spare bits only. E.g. in case of Np=18, when - stealing 2 bits - codewords of 36 bits length (without the spare bits) or with up to 48 bits (applying up to 12 spare bits) could be supported. 

Since for codeword, both “+1”–bits and “-1”–bits can occur, this approach could be limited for smaller values of Np. For Np=144, if a stolen bit takes the value “-1”, since the codeword has in this position this value, and in the same block Bb the dedicated-paging-PI is also set to “on”, the energy to be sent for the remaining single bit carrying the dedicated-paging-PI might have to be up to 3 times as high as required in a R99 PI with Np=144. However, such details very much depend on the energy per bit that is sent for the codeword. With long codewords, this energy could be quite low compared with the energy required to reliably send the dedicated-paging-PI on 2 bits only.

Assuming an (48, 16)-block code (using also the 12 spare bits, providing a code rate of 1/3 already quite strong), 216 combinations could be signalled, while e.g. 18 MBMS-PIs, which can be set independently from each other, would allow to signal, in the same paging occasion, 218 combinations. 

Using a systematic code, the mapping between codeword and MBMS service combination addressed by the codeword can be defined implicitly by assigning each of the k bits to one particular MBMS service, without conveying a mapping table to each MBMS recipient. 

5. Conclusion

Several different options were described, which allow for providing – in a backwards-compatible manner – PIs for MBMS purposes (around 18 to 24 different ones, or even more) on top of a R99 PICH, 

· without the need to allocate a further spreading code for an MBMS PICH as proposed in [3]

 REF _Ref61230944 \n \h 
[4]. 

· with keeping the Np PIs for dedicated paging as in R99

· without using the 12 spare bits on the R99 PICH (or using them and further increase the number of MBMS PIs)

The underlying ideas of these options are “stealing bits” from R99-PIs to provide MBMS-PIs or “sharing bits” of R99-PIs for dedicated-paging-PIs and MBMS-PIs. From R99 paging point-of-view, the difference between “stealing” and “sharing” is as follows: In case of a “stolen bit”, the stolen bit is DTX’ed, if the dedicated-paging-PI is set to “on” (but the MBMS-PI, which steals this, bit is “off”). In case of “sharing bits”, all 288/Np bits of a dedicated-paging-PI are set to “+1”, if the dedicated-paging-PI is set to “on” (even if the MBMS-PI, which shares this bit, is set to “off”). Hence, the concept of “sharing bits” allows for keeping the energy sent per bit for dedicated-paging-PIs the same as in R99, so that even up to 72 MBMS-PIs can be provided. It also has advantages especially in the case that Np=144.

Providing 18 to 24 (or even more) different MBMS-PIs in each PICH frame in addition to the dedicated-paging-PIs would allow for defining the same paging occasions for dedicated paging and MBMS paging, which is looked upon as very important by an increasing number of companies, since additional paging occasions for MBMS purposes increase the battery energy consumption especially for UEs in idle mode, CELL_PCH and URA_PCH. At the same time it fully avoids false alarms, i.e. UEs would not uselessly read the PCH or MCCH although no dedicated page or MBMS page was actually sent.

It is proposed to consider these additional options as part of the discussion on how to provide paging functionality for MBMS purposes. It is not seen as a good choice to allow for a further spreading code (SF=256) to be assigned for MBMS purposes, since the UMTS downlink already suffers from code shortage.
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� In the following a block of 288/Np bits, which is a PI in R99, is just called “block Bb” or a “Bb”.


� Non-MBMS-UE: R99/Rel-4/Rel-5-UE (and a Rel-6 UE only waiting for dedicated pages)


� MBMS-UEs: UEs capable of MBMS contents reception, i.e. a subset of the Rel-6 UEs. Assumption is that for dedicated paging purposes, these UEs would use the same decoding engine as Non-MBMS-UEs, while for detecting MBMS pages, a modified decoding engine would be added. Of course, this does not exclude implementations, which use a combined decoding engine.


� This functionality of switching off the ability of decoding MBMS pages would have to be in place anyway just for UE battery energy consumption reasons: it does not make any sense to wake up MBMS-UEs in their MBMS paging occasions, if MBMS is not available in the UTRAN the UE is camping on.
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