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1 Introduction
There are services which remain unscheduled for a longer time period. In order to save UE battery, this contribution proposes to introduce additional signaling in DSI enabling the UE to sleep for mulitple scheduling periods.
2 Short sessions
In our understanding, short sessions are transmitted in a significantly shorter period than the MCCH modification period. One example for services with very short sessions is service mode 2 as described in [1], e.g. download of small files, such as MMS or audio files. According to [1], this takes a few seconds. Depending on the size of the file, some sessions may even require only a fraction of a second. This would be true for a small MMS file.
2.1 Impact of short sessions on UE energy consumption

Service information such as session start and session end is transmitted on MCCH. So session end can only be announced after the modification period. After having received all data of the short session, the UE could know on application layer that e.g. the download is complete. However, the application would need to be able to signal to lower layers that it does not have to monitor the DSI any more. This is up to UE implementation and it may not be possible if the application does not run in the UE but on another device, e.g. a laptop.
When the session has ended already, UE will in general wake up at every scheduling period until it finds session end indication on MCCH. The larger the modification period, the larger unnecessary UE energy consumption will be. Since MCCH information is transmitted in RRC messages, there will be some further decoding delay until the UE notices that the session has ended.

2.2 Session end in DSI to save battery
Under the assumptions listed in Table 1, the UE would need 4 scheduling intervals to download the complete file. In the remaining 60 scheduling intervals, the UE has to wake up to find out that the service is not scheduled. If the session end is indicated in the DSI already, the UE could sleep more than 90 % of the time during which DSI is transmitted. 

	Parameter
	Value

	MCCH modification period
	20.48 s

	Scheduling interval
	320 ms

	Download duration
	1 s


Table 1. Parameter assumptions.
Since the sessions are very short, it is quite probable that it only requires very few scheduling intervals to be completely transmitted. As soon as session start has been announced on MCCH, it is most efficient to distribute the service data in the first scheduling intervals. Otherwise, if the service is not scheduled e.g. in the first 30 scheduling intervals, the UE would have to read unnecessary scheduling information at the beginning of the MCCH modification period before it can actually receive the MBMS data. Thus, it can maximize its sleep duration. 
A second bitmap in addition to the unscheduled services bitmap can be used to indicate that the session has already ended, in order to preserve the UE to wake up at the next scheduling periods until it reads session end information on MCCH, as illustrated in Figure 1. Alternatively, a specific codepoint can be used for that purpose. In general, the DSI uses several bits to provide information about the transmit times of a service within the scheduling period. Since such information only requires a subset of the available value range, the free values can be used as codepoints as described in [5] Figure 2.

Proposal 1: Introduce indication in DSI for service that have already ended 

· second bitmap (1 bit: ongoing, ended) or
· additional code-point instead of start/end/length (transmit time information)


[image: image1]
Figure 1. Example using a hierarchical bitmap to indicate session end in DSI.


[image: image2]
Figure 2. Example using codepoints to indicate session end in DSI.

3 Intermittent services / sessions
Sessions of intermittent services may remain ongoing but not scheduled for some time. Services are updated very frequently and consequently scheduled very frequently as well. Information updates within the service can be in the order of a few seconds or larger, but not significantly larger than multiple MCCH modification periods. In such a case, the update intervals would be too small that a session start / session end procedure would pay off.
We think that the stock ticker service is one example of intermittent services which may have updates every few seconds. [1] / [2] assume updates every 5 minutes for service mode 3. However, we think that consumers may want to receive brand new information with very low latencies, thus requiring to avoid MBMS session starts and session stops. 
3.1 Impact on UE energy consumption

UE has to wake-up at every scheduling period, although service is only scheduled in a small fraction of all scheduling periods. 
3.2 Sleep information in DSI
Extend bitmap / additional code-point:
Application layer often knows when new information will be fetched and updated. Both schemes can contain an information on the (minimum) number of scheduling periods to sleep.
Requirements to eNB: eNB must know at least the earliest time at which new data for that services will be transmitted or even the periodicity of service transmission.
· requirements from BM-SC: indicate some kind of update periodicity (e.g. service-specific update intervals)
· eNB could observe characteristics of the service, but not very reliable for synchronous transmission between eNBs
It may be difficult to convey from the BM-SC per packet information about when the BM-SC will transmitthe next packet, so that a dynamic sleep information may be difficult to realize. It appears more realistic to configure a periodic sleep pattern already when the session is established. A sleep pattern could be defined by the number of consequetive scheduling intervals where the service is/is not scheduled.

Proposal 2: Introduce indication about sleep duration for MBMS UE in DSI (e.g. in terms of multiple of DSI periods).
The signalling of sleep periods can be realized as an extension to the session end signalling. The second bitmap can be used to distinguish between a session end and a session silence period as illustrated in Figure 3. Similarly to the transmission time indication for scheduled services, additional information can be used to indicate the duration of the sleep period or the next wake-up occasion to read the DSI.


[image: image3]
Figure 3. Indication using bitmap + further information if necessary.

If no bitmap is used, another codepoint can indicate a sleep period longer than the scheduling period. Different schemes can be used to allocate the free values as codepoints to indicate the minimum or actual duration of the sleep period. For example, if 8 bits were available for transmit time indication which only requires a range between 0 and 192 (32 radio frames * 6 MBSFN subframes on a mixed carrier), the values between 193 and 255 could be used as codepoints. In the following, we only provide an example, but any mapping could be used for the implementation. The example is depicted in Figure 4. The value 255 could e.g. be used to indicate unscheduled services (could also be the next available value 193 or any other arbitrary value), and the remaining values can be used to indicate the sleep duration / next wake-up occasion for the UE regarding that service. In order to calculate the actual sleep duration, different methods can be applied. One possible and simple way is to use the last free value as a reference value; in this example this would be 254. Then, the actual sleep duration or next wake-up occasion can be calculated by using the codepoint as the minuend and the reference value as the subtrahend or the other way round, respectively. To indicate e.g. a sleep duration of 2 the codepoint could be set to 252 could be used:

Minuend = reference value is the maximum (free) value; and

subtrahend = codepoint (e.g. 254 – 252 = 2).

This requires that the UE knows the used reference value. This can be implicitly calculated by using the maximum number of MBSFN subframes that can be used for MBMS transmission within a radio frame and the scheduling period or by explicitly transmitting the range that is used to indicate the transmit time of the listed services on MCCH.

[image: image4]
Figure 4. Indication using codepoints with some mapping to transmit time indication or sleep duration, respectively.
4 Short carrousel services

Short carrousel services are characterized by repetitions between actual information updates to allow any new-coming user to receive the latest information as soon as possible (service mode 3 as described in [2]). In a carrousel service some information may be repeated more often between two consecuetive updates than other services. One example is traffic information, where time critical information is repeated more often than a general traffic jam overview. If the repetitions are smaller or in the order of a few modification periods it does not make any sense to have short session durations with frequent session starts and stops as described in 3.2. Note that the options described below assume that the minimum duration between service updates is known (e.g. configured in the service layer). Furthermore, it is assumed that the UE does not want to receive any repetitions.
There are several options to efficiently support such services:

Option 1:

· The MCCH provides information about the service repetition period and number of repetitions
· Add information in DSI to indicate if it has scheduled a new or a repeated transmission (maybe use new data indicator). Extend bitmap or add code-point, respectively.
If the UE receives new and not repeated data, it knows the minimum time to sleep until it has to wake-up to read the DSI. This is sub-optimal if the UE does not receive the new data. Then it would also have to wake-up at the next service repetition periods.
Option 2: Indicate the sleep duration until the service is updated.

Alternatively, the DSI could directly indicate the minimum sleep duration until the service is updated. After each repetition, the value would be reduced accordingly. The advantage of this scheme is that it can be used for both intermittent as well as short carrousel services. Therefore we believe that the sleep signalling scheme contained in proposal 2 is sufficient for efficient support of short carrousel services.
5 Conclusion
In order to improve the UE power saving for short, intermittent and carrousel services, we make the following proposals regarding signalling in the DSI:
Proposal 1: Introduce indication in DSI for service that have already ended 

· second bitmap (1 bit: ongoing, ended) or
· additional code-point instead of start/end/length (transmit time information)

Proposal 2: Introduce indication of sleep duration in DSI in case of intermittent or short carrousel services.
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