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1. Introduction 

Various secondary notification indicator (“SNI”) [1] approaches have been discussed [2].  We further discuss “in-band” (SNI) schemes for MCCH. The schemes allow UEs to receive the physical channels carrying MBMS traffic of interest to the UE, and do not require the reception of additional MICH or additional MCCH.  Compared to out-of-band indications, decrease the loading of the MICH channel and … reduce required UE receiver resources. Out of band indications may also have greater delays, depending on how MICH is scheduled.  Finally, in-band indications can also avoid the need to transmit additional overhead such as service ID (since the service ID of the MTCH being received is already known) to support service specific indications of MCCH new data.  We consider approaches based on MAC layer and physical layer signaling, and briefly compare to out-of-band approaches.

2. Discussion
We consider approaches for in-band notification in two categories:

1) MAC layer/ indications 

In this approach, additional information is included in the MTCH MAC layer to signal to the UE that there is an upcoming transmission on the MCCH.  The simplest version of this approach is to set a single bit in the MAC header when the next repetition of the MCCH transmission will contain new data relevant to reception of the MTCH, such as new radio bearer configurations, session start/stop, or perhaps other messages from the core network.  MCCH transmissions can be scheduled, so the UE will know when the next MCCH transmission will occur (the start of the next modification period).  In a somewhat more complex version, additional bits could be used to indicate a time offset when the MCCH will be transmitted, to allow more flexible scheduling of MCCH. In both versions of this approach, the indication can be repeated multiple times before the start of the next modification period on the MCCH in order to achieve adequate reliability. There are two ways to realize this method. 1) Define a new optional field in the MAC header, 2) Reuse the unused bit combinations in the existing MAC header fields. The general methodology is illustrated in Fig 1. 


Fig. 1. An illustration of MAC header based indication.

An additional benefit is that the RNC can set the MAC header for certain MTCH(s) targeted to users that receiving a particular MBMS service. For example, assume 10 services in one cell. If the upcoming MCCH only affects the users receiving service 1, the RNC can set only the MAC header for MTCH containing service 1 information. By this, only service 1 users can “see” the indication set and prepare to receive the MCCH. Other users (services 2 to 10) cannot see the indication set and will ignore the coming MCCH transmission. This use of the UEs knowledge of service ID for the MTCH therefore can improve the service performance by eliminating the overhead needed to transmit the service IDs as well as the SNI.  

This approach is also well suited to using macro diversity selection combining.  In that case, data received from different cells is decoded at the physical layer, and passed up to the RLC layer, which uses the sequence numbers to select the correctly decoded data.  Since the MAC header is stripped off before passing up to the RLC layer, the new data indicators will not affect higher layers than the MAC.  (Note that since the SNI are cell specific, they have no macro diversity, and selection combining of them is not possible.) 

Since a large number of turbo coded channel bits change when even one information bit changes, MAC header based indications can preclude soft-combining of data from different cells when the SNI bits are set differently. However, this problem can be overcome with a variety of methods, such as placing the SNI bits at the end of the transport block, leaving them uncoded, puncturing them into the coded bits, etc. 

.
2) TFCI-based indications 

Here, we add meaning to TFCI bits to do the MCCH notification.  As in the MAC layer approach above, we can use a bit to indicate that the next MCCH transmission will have new data.  We can obtain these bits in a backward compatible way by duplicating at least one transport format combination.  Then two different TFCI values will both refer to a single transport format combination, and we can assign one of these values to serve as an MCCH notification.  Note that since the transport formats are duplicated, the UE’s decoding behavior does not change, and so backward compatibility is maintained.  Also, the only overhead lost here is that fewer transport format combinations are allowed: there need be no additional data on the transport channels themselves. The indication can also be repeated multiple times before the start of the next modification period on the MCCH for adequate reliability, or additional power may be used for the TFCI bits.  

Similar to 1), the setting of the indication on the TFCI can also be made to target a certain group of users. For example, assume 10 services are in a cell. If a new MCCH message is targeted for service 1, then only the indication (via TFCI) for the TTI that contains service 1 information is set, which means the indication can be selectively set to “alert” certain MBMS users for upcoming MCCH reception.     

Moreover, the method will not affect macro diversity soft combining, since TFCI are encoded separately from traffic data. 

The disadvantage of this method relative to MAC layer is that it is less service specific.  TFCI is indicative of the transport channel, and therefore not as related to MTCH and the service carried on MTCH.
3) Comparison with out-of-band indications 

Compared with the out-of-band indications, the in-band notification approaches considered here use air interface resource more efficiently, since a single bit can indicate to all or part of the MBMS UEs receiving a service that MCCH will have new data.  They also do not use additional UE resource (such as additional receive paths), since they only require the UE to monitor the S-CCPCH carrying MTCH. Even simple out-of-band indications may cause additional complexity. More specifically, consider using MICH for MCCH new data indication. The following are the possible solutions and their advantages and disadvantages (we use the MAC layer NDI solution for comparison, although the relative behavior of TFCI to MICH NDI is similar).   

(1) Using the existing NI for the NDI purpose.

a) Advantages

i. No new indicators are needed.

b) Disadvantages 

i. MICH reception requires a second physical channel to be monitored.  This could increase the required UE receiver capability or degrade MTCH reception performance, depending on UE architecture.  When the UE is only interested in a single service, monitoring a second physical channel for NDI would seem undesirable.  Also, since the NI are repeated for an entire DRX cycle, the delay from notification to new data on the MCCH could be more than 5 seconds.

ii. The users may unnecessarily wake up for reasons other than service notification. For example, if one NI is for a service group that contains 20 MBMS services, two of which are active already, then the NI should be set whenever new control information on MCCH should be received by the users of these two on-going services. The new data indications then produce false alarms to all the users waiting for notification of the other 18 services.   

iii. The indicators will be set much more frequently than before. If on-off keying is used, the required MICH power will increase. 

(2) Using separate indicators on MICH for NDI. 

a) Advantages

i. The service notification can be separated from the new data notification.

b) Disadvantages 

i. As in the above, MICH reception requires a second physical channel to be monitored, and notification delay can be significant.  Repeating the NDI a smaller number of times will reduce the notification delay, but require the NDI to be monitored more frequently.  Therefore this method has a tradeoff between additional receiver requirements and notification delay.

ii. More indicators are required on the MICH for new data over the MCCH. This will increase the load of the MICH, especially when MICH is on-off keyed. 

iii. A large amount of the new data over the MCCH may be service specific (i.e., session stop for a specific service; radio re-configuration for one service). The NDI over the MICH cannot deal with that efficiently. The reasons are as follows. Two possible solutions can make the MICH NDI solution service specific. 1) The NDI over the MICH also carries the service ID (at least TMGI=32 bits). This would completely overload a MICH. 2) Dynamically mapping the NDIs to the current on-going service. However, any new service arrival or service termination requires mapping the new service to an NDI, and could require re-mapping all the NDIs to the services.  Since the mapping needs to be signaled to the users,  the signaling load increase does not seem trivial. Also, additional NDI are needed to avoid frequent remapping.  Therefore, the MICH solution is not efficient for service specific new data indication. 

iv. The MICH NDI solution can be made service group specific (each service group maps to a NI). This solution doubles the load on the MICH (since the number of NDI=the number of NI). Moreover, it still has a significant false-alarm probability for service specific NDI.

v. The MICH NDI solution can also use a single indicator for all new data over the MCCH(s). This approach would greatly increase the false alarm probability for service specific new control data, since the false alarm probability increases directly with a decrease of MICH indicators. 

Overall, the MICH NDI solution does not seem to work well when the new data over the MCCH is service specific, while the MAC layer solution can deal with that case efficiently.  Furthermore, it can also be used for non-service specific NDIs simply (just set the MAC layer indication for all MTCHs). Considering the its trivial load,, the MAC layer solution seems more attractive.  

3. Conclusion 

We propose to use in-band indication to alert the MBMS users for secondary notification indication.  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.

While in-band indication approaches using MAC layer based signaling or TFCI both have merit,  MAC layer signaling would seem the better choice.  MAC layer signaling allows more bits to be used for SNI if needed, and service specific indication is the most straightforward. 

We have also observed that SNI design can impact the performance of macro diversity approaches.  Since macro diversity soft combining provides a substantial gain over selection combining [3], we feel this impact on macro diversity should be a principal factor in the RAN2 SNI design process, and that we should avoid precluding soft combining.
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