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1. Introduction 

The following solutions have been proposed for MCCH new data indications (“NDI”) [2, 3, 4]. 

1. In band signaling (using MAC header or TFCI)

2. MICH based NDI 

3. Secondary notification transport channel

In this paper, we make comparisons among the above methods. 

2. Discussion 
2.1. Detecting Service Announcements with In Band NDI

In [4] we considered in band signaling approaches for new data indication.  These were felt to be of interest due to the low load on the air interface and because they enable the UE to monitor a single physical channel for new data indication.  One of the ways this low load was achieved was by avoiding the need to indicate the service ID for which the NDI is intended, since the service ID is implied because it is on the same logical or physical channel as the NDI.  During the discussion, it was asked how the UE will be able to meet the requirement to detect new service announcements, since information for other services may not be carried in band. We consider one possible approach that maintains the ability of the UE to use only one physical channel during MTCH reception. 
When UEs are currently receiving an MTCH and are also joined to other MBMS services, the user may read the MICH according to its paging DRX cycle for service indication. If the UE DRXs MTCH reception to read MICH to allow it to use only one physical channel, some channel symbols are lost which will require recovery through channel coding.  Note that this behavior is already required for MBMS, since it has been agreed that channel coding will be used to recover from inter frequency and inter RAT measurement losses.  The figure below shows a simple example of MTCH degradation due to DRX for short periods.  Simulation assumptions are listed in the appendix.  Three slots of a 64kbps bearer in a 3 kmph vehicular A channel are lost to receive the MICH one every 320 ms. We see from the figure below that the degradation is very small: less than 0.1 dB at 1% BLER. Furthermore, considering that a more typical paging DRX cycle is 1.28s, and that the indicator reading time is normally much smaller than 3 slots (depends on the number of notification indications, Np: for Np=72, the reading time is around 0.21 slot), the performance degradation should be even much smaller.   
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Note that if we assume a modification period of 3.84 seconds, reading MICH every 320 ms could allow the UE to detect up to 3.84/0.32 = 12 different services. 
We should emphasize that this degradation in service only occurs when the user wishes to be interrupted to receive an alternate MBMS service. The user may not wish to have short transmissions (i.e. soccer goals and the like) interrupted by another MBMS service.  Also, the UE must be joined the other service (that is, the alternate services of interest must be present and the UE must have selected them) to be able to be interrupted for it.  Finally, if the UE is capable of receiving multiple MBMS services, it will often be able to support more physical channels, and so monitoring SI is less likely to be a problem for these UEs.
This analysis is a worst case in that only one physical channel is assumed available for MBMS related reception.  Depending on UE architecture, it may also be possible to share reception resources of physical channels used for PICH and MICH.  Therefore, the requirement to interrupt MBMS reception need not impact MBMS performance even for the lower capability UEs. 
2.2. MICH based NDI Issues

In this solution, the NDI is carried on the MICH. The following issues are observed:

a. MICH load and service ID to NDI mapping issues 

In order to keep false alarm rates constant, the most straightforward approach is to add one or more corresponding NDI for each SI.  This means that the number of notification indicators on the MICH would at least double.  Since NDI may be more frequent than SI, it is more likely that one service in a service group will be active, and even more NDI may be needed.  Furthermore, NDI error rates are expected to be more sensitive than when SI is used in idle mode.  For example, a 1% false alarm rate in idle mode for SI means the UE wakes up to read MCCH 1% more often; a 1% false alarm rate when the UE must DRX MTCH to read MCCH means it can’t reach 1% BLER.  More importantly, a missed NDI indication is even worse than an SI false alarm since messages such as radio bearer reconfiguration could be missed, making MTCH reception impossible until the condition can be detected and the bearer information can be read from MCCH.

It is possible to add NDI for active services only, but then this means that new data indication must have a different mapping to service ID than for SI.   As argued in [4], this mapping will need to be updated at some rate determined by the service arrival rate, and additional NDI will be needed to limit the rate at which the mapping is signaled to the UEs.

b. False alarm probability  

The normal MICH-based NDI cannot make service specific NDI efficiently; since it is not service based (there are not enough paging indicators for every service). For example, if a “session stop” message for service 1 is sent, the NDI over the MICH may cause more UEs than just service 1 UEs wake up. In order to reduce the false alarm probability, then two solutions are proposed in [3] to increase the equivalent number of notification indicators. One is increase the number of notification indicators which directly increases the MICH power; the other is to increase the UE receive duration to obtain the time dimension to expand the paging space. However, this will cause the UE to read the MICH much more frequently, and the maximum benefit can only obtained by continuous monitoring the MICH. Some concerns are: 

· Sending more information over MICH is always more costly; especially when the MICH is used for a service specific purpose, which means the service ID information is directly or equivalently carried by the MICH;  

· It is better to make idle mode UEs to save their battery life as much a possible.

Given that other solutions can easily solve the problem (like MAC header implicit service ID), it does not seem to be a good solution to increase the MICH power or increase the UE’s reception time over MICH (which directly reduce the UE’s battery life) in order to reduce the false alarm probability. 
2.3. Secondary notification transport channel

Given that the MAC header implies the service ID due to its presence in the same logical channel, the secondary notification transport channel seems to make inefficient use of air interface resource. Assume a MCCH message for service 1’s UEs will be transmitted on MCCH. When in band notification is used the one bit NDI of the service 1’s MAC header will be set and the service 1’s UEs can read the MCCH for that message. When the secondary notification channel is used for new data indication, a one bit new data indicator plus the TMGI (also possibly message types) will cause at least 33+5 (message types) bit messages, plus the physical layer will add at least 16 CRC bits and 8 bits tail. 
This decode of a separate transport channel also requires extra use of UE resources to decode the channel and check the CRC bits.  In band or MICH based indications require significantly less UE complexity to perform the same task.
The use of the secondary notification channel can also impact MTCH scheduling.  If MTCH gaps are scheduled and UE can DRX or sleep, UEs will have to decode extra TTIs or wake up to read secondary MCCH.  This may not have a significant impact on UE standby power, but will add some complexity to UE DRX timing algorithms.
The issues above can be mitigated through frequent transmission of the secondary notification channel, but this limits the original flexibility of the method.  Since TFCI will need to indicate the presence of the secondary notification channel, if one bit is needed for indication it might be simpler to use TFCI for NDI [4].             

3. Conclusion 

We have discussed in band and out of band new data indication approaches.  We found:
· In band notification is compatible with the requirement to permit interruption of one MBMS service to receive an alternate MBMS service.  When the UE uses a single physical channel to support MBMS traffic reception and notification functionality, MTCH DRX (which is already required to support inter frequency and inter RAT measurements) may be used to detect alternate service SI.  When the UE does not need to interrupt MTCH reception to read MICH, it is not impacted at all.

· MICH based NDI will often at least double the number of notification indicators, increasing required MICH power by 3 dB.  NDI can be more frequent than SI and require lower miss and false alarm rates, so additional indicators and power are expected to be needed. While MICH power efficiency can be improved by techniques that effectively increase the duration of their transmission (providing coding and interleaving gain), longer transmissions require the UE to receive for longer periods, which can impact battery life.  If MICH transmissions are over significant periods of time (such as multiple radio frames), their reception also limits the ability of the UE to share resource required to monitor MICH with other physical channels. 

· While secondary notification channels are highly flexible, they do not seem well suited for the purpose of new data indication alone.   They could impact MTCH scheduling, and do not seem to make efficient use of UE resources or the air interface.  If MTCH gaps are scheduled and UE can DRX or sleep, UEs will have to decode extra TTIs or wake up to read secondary MCCH. Because the secondary notification channel is transmitted upon a distinct transport channel, an NDI requires a separate channel decode and CRC check, and a minimum of 24 information bits overhead is added by the physical layer.  Given that TFCI will need to indicate the presence of the secondary notification channel, when a single bit is used for new data indication for a small number of services, it may be simpler to use TFCI only for NDI.

Given the above observations, we propose to use in band indication to indicate new data on MCCH.  In band indication seems to best support the most basic MBMS reception requirement, where the user wishes to receive a single MTCH.  The UE can receive the MTCH and be notified of MCCH messages affecting that MTCH without receiving other physical channels than the SCCPCH carrying MTCH.  It also seems a simpler solution, in that service notification is done on a channel dedicated for that purpose, while MCCH new data indication can be carried in the channel affected by the new data.  Issues such as how the new data indication can be dynamically mapped to the service ID can also be avoided.  Finally, in band notification seems to require the least air interface load, as it can be accomplished with a single bit per active MBMS service.
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5. Appendix: Simulation Assumptions

	Table 1: Simulation Parameters

	Parameters
	Value

	Information Rate
	64.2 kb/s

	Spreading Factor
	32

	Channel Condition
	Vehicular A

	UE Speed
	3 kmph

	TTI Length
	20, 80 ms

	Geometry
	-3 dB

	Channel Estimation
	CPICH Based

	Turbo Decoder
	Max Log MAP

	Measurement Frequency
	Every 320 ms

	Duration Per Measurement
	0, or 3 slots



