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1.
Introduction
During the RAN2 #39 meeting, it was agreed to use MBMS specific PICH bits for notifying UEs that they should check the MCCH. These MBMS specific bits can either be the last 12 bits of the regular R’99 PICH or they could be on a distinct PICH.
The understanding is that these bits will somehow be used to identify different MBMS service groups, so as to reduce the probability of UEs being woken up for the wrong service. Currently, the exact coding of this information is FFS.

In this document we outline two modifications relative to the R’99 encoding which we feel would give substantial benefits both in terms of the network transmit power and from the UE power saving points of view.

2.
R’99 PICH
Each R’99 PICH frame is divided into a number of paging indicators. This number is indicated by Np and can take values in the group: 18, 36, 72 and 144. The number of Np also identifies the number of PICH bits that will be used to encode each paging indication. This number is equal to: 288/Np and therefore takes values in the group: 16, 8, 4, 2. 
The bits corresponding to a given paging indication are consecutive. The set of PICH bits corresponding to a given user change in a pseudo-random fashion among the Np possible positions based on the SFN (see [1]). Below we are providing an illustration of where the possible paging indication positions would be for a hypothetical Np value of 9 (note that this is not one of the available values, but it makes illustration much simpler).

[image: image1]
The advantage of this “clustering” is that it allows UEs to pre-calculate which paging indication they should read and only wake up during that specific sub-frame period. Below we provide an illustration of this process. If the UE needed to read the paging indication at position P5, it would wake up a little bit before, to have time to “tune-in” and then it would go back to sleep.


[image: image2]
The encoding is BPSK. When the UE needs to be woken up, the PICH bits corresponding to its paging indication are set to 1, otherwise they will be set to 0.

3. Distribute PI symbols across PICH frame

For MBMS, a new PICH may be introduced in order to notify users of upcoming broadcast services. The new PICH was made MBMS specific, so that UEs could receive it during their own paging occasion. Instead of different users, different paging indications can be used to notify users of the beginning of different MBMS services.

The problem, is that within the paging occasion frame, there is no guaranty that the two sets of PICH bits will fall at the same location in the frame. The result is that the UE would have to stay awake for a longer period of time. Lets take the example, illustrated below of a UE which needs to check paging indication P2 on his dedicated PICH and paging indication P5 on the MBMS PICH:

[image: image3]
The result is that, despite all our efforts to reduce the impact on the UE stand-by time, monitoring MBMS paging would still have an impact. This impact will be all-the-more noticeable as receiver technology improves and the tuning time is reduced.

A method for remedying this is to distribute the PICH bits corresponding to a given paging indication across the PICH frame. Therefore, in addition to Np, there would be a factor Nr indicating the number of repetitions for each paging indication. The total number of PICH bits corresponding to a given paging indication would still be 288/Np. However, the number of bits for each one of the repetitions would be: 288/Np/Nr. Below, we provide an illustration of the case Np = 9 and Nr = 4. 

[image: image4]
The advantage of this method is that it reduces the average distance between the dedicated paging indication and at least some of the MBMS paging indication bits, as illustrated below, using again P2 and P5 respectively as the dedicated and MBMS pages: 

[image: image5]
In most conditions, the UE will be able to get a reliable reading of the page information with only a fraction of the bits. Every time it wakes up for its dedicated paging it will be able to assess the channel conditions and based on that, decide how many of the MBMS PICH repetitions it should monitor in the next DRX cycle. In addition to this, the MBMS PICH will be left on continuously for a significant period of time. Therefore, if the UE has not been able to collect enough energy in the scheduled pass, it will be able to continue monitoring the MBMS PICH even outside its regular PICH frame.
Note that this scheme would not be very useful in the case of the last 12 bits of the R’99 PICH, since it will anyway not be overlapping with the dedicated PICH bits. Therefore, it is only proposed for the stand-alone MBMS PICH.
4. Introduce On/Off keying
In R’99, the PICH encoding is using BPSK. This means that even when there is no information to transmit (no one is being paged), the PICH is taking up cell power. An alternative would be to use On/Off keying instead. The bit would be set to indicate a page, but no power would be transmitted otherwise. Of course, in order to have the same performance as BPSK, the PICH power during transmissions would need to be increased by a factor of two. However, we feel that the gain from DTX would more than make up for this power hike.

A document submitted at the RAN2 #39 meeting provided a reasonable MBMS service scenario based on what RAN1 has described as the expected physical layer performance (see [2]). This scenario is summarized in the table below:

	Service type
	Application
	Duration
	Interval
	Relative capacity
	Sessions/ hrs

	Text based
	News, stock, weather, traffic
	10 s

10kB @ 8kbps
	5 min
	21 % (50 services, each 0.42 %)
	600

	Audio
	Top 40, MP3
	12 m

3MB @ 32 kbps
	60 min
	10 %
	1

	Video
	Goal, short clip (10 sec)
	Upto 60 sec

10s @ 64 kbps for each goal
	5 min

24 goals per 2 hours

Every goal is combined with up to 6 repetitions
	20 %
	12

	File download
	Game
	12 m

3MB @ 32 kbps 
	60 min
	10 %
	1


As can be seen, it is expected that there will be in the order of 50 services, initiating about 600 sessions per hour. Based on this number of services, it will be necessary to support at least 18 separate paging indications in order to have a reasonable probability of false alarm, i.e. waking up for a different service than the one of interest.

If we assume that each notification will have to be transmitted for up to 3 times the longest DRX cycle (5.12s), the total number of pages will be: 600/3600 * 5.12 * 3 = 2.56 pages. This is only 14% of the 18 paging indications which are available (since we use Np = 18). Therefore, if we use on/off keying with double the power we would only be using 28% of the power used by a BPSK scheme.
Of course, the performance of BPSK could be improved by reducing the number of paging indicators, but only at the expense of increased probability of false alarms. 
Note that the assumptions made here are relatively pessimistic from the point of view of on/off keying since we assume that we need two paging repetitions and that the number of sessions per hour is quite high (one could argue that some of the low data-rate services could be running continuously and therefore would not require a notification).
5.
Text Proposal

<…..>

6.2.3
Physical Channel

SCCPCH is used as a physical channel.

MBMS notification utilizes the 12 available bits of the Rel99 PICH frame in low MBMS load cell as presented in Figure 7, the exact coding is FFS.
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Figure 7: Rel99 PICH frame bits used in MBMS notification 

MBMS notification utilizes a MBMS specific PICH in high MBMS load cell. MBMS specific PICH frame is presented in Figure 8. The PICH bits corresponding to an MBMS paging indication will be distributed across the PICH frame so as to minimize the time offset between the dedicated paging indication and at least some of the PICH bits. The use of on/off keying as well as the exact coding are FFS.
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Figure 8: MBMS Specific PICH frame used in MBMS notification

<….>
6.
Conclusions
We propose to include the text in section 5 in the MBMS TS. 

Given that the proposed methods affect the physical layer, we also believe that we should send an LS to RAN1 to convey our interest in these methods and to ask that they review them and provide us with feedback. Qualcomm would volunteer to draft the LS.
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