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1 Introduction

It was agreed in RAN2#60 that dynamic scheduling information can be provided in the MSAP occasion to assist the UE in choosing which subframes it needs to receive. In this contribution, the details of the dynamic scheduling information and the corresponding control signalling are discussed.
2 Discussion

The design of the dynamic scheduling information is based on some assumptions of MSAP. Thus, a brief description is given first.

2.1. MSAP occasion
The MSAP is a set of subframes which may not be consecutive. The MSAP is valid for each scheduling period until MCE changes it. Suppose there are Nf subframes in the set, these subframes can be indexed from 1 to Nf according to the transmission time relationship of the subframes. This is useful for the dynamic scheduling information, which avoids the indication of the exact subframes. For certain E-MBMS service, its dynamic scheduling information only needs to indicate the related indices to the subframes where the specific MTCH will be transmitted. 

As agreed, the logical channels, i.e. different MTCHs are multiplexed at MAC. How the dynamic scheduling information is designed and transmitted depends on how the MTCHs are multiplexed together. On the other hand, if there is only one MTCH mapped on the MCH, the following rules are also beneficial for a unified and simplified signaling format.
· Indices to the same service are consecutive
If the indices to the same service are consecutive, the scheduling information would be much simpler (for example, only need to indicate the start index + number of subframes), and it would be beneficial for UE power saving, especially in case the UE does not receive the scheduling information correctly. Since all the eNB should generate the same scheduling information, the packets to be scheduled must be received and buffered first, so it is feasible to reorder the data and transmit the data of the same service in the consecutive indices of the MSAP subframe set.
· transmission order information to UE (only for multiplexing case)
According to the above analysis, the data of services are grouped and transmitted one by one in the time. The transmission order could be pre-configured by MCE, which might be decided by certain priority information. If the UE knows the transmission order, the scheduling information would be simpler and has less signaling overhead. For example, there are three services multiplexed on the same MCH, service A, service B and service C. If there are respectively 3, 2, 4 subframes allocated to the three services, the scheduling information could be just as {3, 2, 4}. The service id is unnecessary. Hence, it is needed to send the transmission order information to the UE via MCCH, which is a list of services multiplexed onto the MCH, in the same order of scheduling.
· Multiplexing MTCHs in the same subframe

It is specified in [3] that there is only one TB delivered to the physical layer during one TTI, so there could be only one MAC PDU for certain MCH in one subframe (assume 1ms TTI). It is also specified that only semi-static configuration is allowed for PMCH, so the TB will be mapped onto the pre-defined the physical resource blocks in a semi-static manner, i.e. not service-specific. Thus, there are two options

(1) There is at most one logical channel in the MAC PDU. Padding is added if a subframe cannot be fully occupied. The advantage is that the UE only need to read its interested data, and there is no intersection of indices in the scheduling information.
(2) Multiple logical channels are transmitted in the same MAC PDU. Padding may only need to be added to the last non-empty subframe when there is no data to be transmitted for any of the logical channels. The UE may need to read two subframes containing the data of other services.

Considering 20MHz configuration for mixed carrier, the spectral efficiency could be 3bits/s/Hz. This would mean that a subframe would carry approx. 60 Kbit. In option (1) in general the last subframe allocated to a service would be in average 50% empty. This means that in every scheduling period approximately 30kbits of transmission capacity is wasted. For a typical 320ms scheduling period, this causes around 90kbps waste for single E-MBMS service. Thus, option 2, i.e. multiple logical channels concatenated in the same MAC PDU is preferred.

Since the indices allocated to a specific service are consecutive, blind detection is possible, i.e. the UE receives the indices of the MSAP subframe set one by one until it receives a subframe containing another logical channel or it has received all the subframes in the MSAP subframe set for a specific scheduling period. Therefore, if the above rules are specified, the dynamic scheduling information would be as simple as one value for one MTCH.
Proposal: The scheduling information is given by the indices of the subframes in the MSAP subframe set. To reduce the signaling overhead, indices allocated to the same service are consecutive. The transmission order information needs to be sent to UE via MCCH. In the MAC multiplexing, multiple logical channels are concatenated in the same MAC PDU. Padding can only be added to the last non-empty subframe.
2.2. Dynamic Scheduling information
It is analyzed in [1] that the service bit rate varies with time, so every MCH may need to associate the dynamic scheduling information, for both non-multiplexing and multiplexing cases. Generally, the scheduling information needs to be updated every scheduling period. And it should be updated ahead of the data transmission (but probably in the first subframe of MTCH). 
If the scheduling information is transmitted inside the MCCH, it requires that the MCCH has the modification period equal to scheduling period, which may increase the signaling traffic because a longer modification period may be also acceptable. Another approach seems to be multiplex the scheduling information with data. 
There are two options for transmission of dynamic scheduling information:

· Via L3 logical channel, i.e like Rel-6. MSCH
· Via L1/L2 signaling, e.g. as part of MAC header or via MAC control element.

If a logical channel, e.g. MSCH, is used, it needs more signaling overhead, e.g. at least RLC header. The probable benefit seems to be extensibility, e.g. allowing complex IE format, but on the other hand, the extensibility means complexity and signaling overhead. As analyzed in section 2.1, the dynamic information could be as simple as one value for one MTCH, so the extensibility of MSCH seems unnecessary. Since dynamic scheduling information is useful even if for one-to one mapping of MTCH and MCH, it is preferable to use the same signaling format. However, it would be costly if L3 signaling is used in the one-to-one mapping case. Thus, L1/L2 signaling might be preferable, e.g. part of MAC header or via MAC control element. In multiple MTCH mapping to one MCH case, the scheduling information contains a list of values, so MAC control element seems to be a suitable container for scheduling information.
As discussed in [2] two principal alternatives for the positioning of scheduling information within a MSAP exist:

- common fixed position within the MSAP for all the different services multiplexed together (we call this “centralized scheme”).

- service specific variable location within the MSAP for the different services multiplexed together (we call this “distributed  scheme”)

. The centralized scheme is to transmit the scheduling information of every service in the first subframe of the MSAP, and the distributed scheme is to transmit the scheduling information for a specific MTCH in the subframe of that MTCH, and the scheduling information indicates where to receive in the NEXT scheduling period. In the distributed scheme, the scheduling information is spread over the different MAC PDUs, so the information could be probably part of the MAC header.
The drawback of the distributed scheme is that an additional scheduling period delay is introduced. Furthermore, DRX is not possible for first reception or during TV channel switching. 

· Overview of the dynamic scheduling information

Suppose a scenario that service A and service B are multiplexed on the MCH. The MSAP of the MCH is shown by Figure 1, where there are totally 8 subframes of the MSAP subframe set. In current scheduling period, service A is transmitted in subframe indices {1, 2, 3, 4}, and service B is transmitted in subframe indices {4, 5, 6, 7, 8}. In subframe 4 the two services are concatenated in the same MAC PDU. The scheduling information is transmitted by the MAC control element, which is carried by the first subframe, i.e. subframe 1 in the example.


[image: image1]
Figure 1: overview of the scheduling information
Proposal: The dynamic scheduling information is provided for both multiplexing and non-multiplexing configurations. The scheduling information is carried by the MAC control element, e.g. MBMS Scheduling Information Element. This MAC control Element is transmitted ahead of the MTCH(s). It is FFS whether repetition is needed.
Conclusion

In this contribution, the MSAP occasion handling rules and scheduling information structure & transmission are discussed. Here are the proposals:

Proposal: The scheduling information is given by the indices of the subframes in the MSAP subframe set. To reduce the signaling overhead, indices allocated to the same service are consecutive. The transmission order information needs to be sent to the UE via MCCH. In the MAC multiplexing, multiple logical channels are concatenated in the same MAC PDU. Padding can only be added to the last non-empty subframe.
Proposal: The dynamic scheduling information is  provided for both multiplexing and non-multiplexing configurations. The scheduling information is carried by the MAC control element, e.g. MBMS Scheduling Information Element. This MAC control Element is transmitted ahead of the MTCH(s). It is FFS whether repetition is needed.
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