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1 Introduction
RAN2 discussed the Study Item “Support of Single-cell PTM transmission in LTE” [1] in RAN2#89, and it was decided to compare SC-PTM against MBSFN. RAN2 also agreed to focus the SC-PTM study on the public safety use case. In this contribution, we will do some qualitative comparison between MBSFN and SC-PTM for public safety.
2 Discussion
2.1 Scheduling and resource allocation
For MBSFN, a subset of radio resources (i.e. up to 6 subframes per radio frame) could be allocated as MBSFN subframes. The MBSFN subframes configuration is quite static, and it is configured by O&M according to e.g. the service data rate, the required MCS based on MBSFN area size and coverage target, etc. The MCCH provides necessary control information in a semi-static way for the UE to receive MBSFN broadcast, including subframe allocation and MCS. MBSFN transmission will occupy the entire system bandwidth, and multiplexing with unicast in the same subframe is not allowed. MBSFN is suitable for mobile TV, as in general the media content for mobile TV is pre-planned and the data rate is constant.
Public safety requires the system to support a varied multimedia content (i.e. voice, picture, video and/or PS data) in a dynamic fashion based on user demand. Also, for public safety, the number of active groups varies based on user demand. According to [2], the activity factor of public safety group calls is quite low, e.g. 1%. For public safety over MBSFN, in order to shorten the group call setup delay to fulfil the 300ms requirement, MBMS bearers will be pre-established. At the same time, in order to satisfy the potential concurrent group calls, many more MBSFN subframes than those effectively used will be booked. The consequence of the MBSFN subframes over-dimensioning is that MBSFN subframes might be wasted in case there are no available traffic data or no sufficient traffic data to broadcast, as shown in Figure 1. 
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Figure 1: Waste of radio resources for MBSFN due to static scheduling and resource allocation
Technically, the unused MBSFN subframes could be reused for DL unicast scheduling for TM9/10 UEs. However, it is questionable whether the waste of radio resources could really be avoided in practice. It is quite dangerous, for the successful deployment of public safety solution based on LTE, to rely on the large-scale TM9/10 UE support, especially for public safety system deployed over the carrier operator network, as operators can’t enforce existing UEs to be upgraded to support TM9/10.
Even if there is a large proportion of TM9/10 UEs in the network, we can notice that when there is no available traffic data to schedule, radio resources will still be unnecessarily consumed by the periodically transmitted “empty” MSI. The wasted radio resources are considerable when multiple MCHs are configured and the MSP is short (e.g. 40ms), which is summarized in Table 1. To minimize the radio resource waste caused by the periodically transmitted “empty” MSI, multiple groups can be configured to share the same MBMS bearer (hence share the same TMGI). However, this is not efficient especially from UE battery consumption perspective, as the UE has to receive and decode the group data that it actually has no interest in.
Table 1: Resource waste due to “empty” MSI (MSP=40ms)

	Number of configured MCH
	x% system resource wasted

	1 (29 MBMS bearers pre-established)
	2.5%

	5 (145 MBMS bearers pre-established)
	12.5%

	10 (290 MBMS bearers pre-established)
	25%

	15 (435 MBMS bearers pre-established)
	37.5%


In Rel-12, the feature called “Group Call MBMS Congestion Management” was introduced, to allow the RAN to quickly re-direct MBMS sessions to unicast in case MBMS resource is overloaded, so that RAN can better manage group MBMS resources. Although this feature could help to reduce the efficiency loss caused by the above-mentioned issues, SC-PTM would further improve the situation. Moreover, it is not clear how the scalability could be ensured in case the MBMS session(s) to be re-directed to unicast is for a GCSE group call with a large number of users.
For SC-PTM, radio resources are dynamically assigned by PDCCH based on the real time traffic load TTI by TTI. If uplink CSI/HARQ feedback is enabled for SC-PTM, the radio resources can even be dynamically allocated based on the real time radio conditions and the correctness of UE receptions, i.e. to perform group specific link adaptation and HARQ retransmission. Both SC-PTM and unicast are PDSCH based transmissions and they have the same radio frame structure, hence the radio resources could be flexibly shared between them in one radio subframe, as shown in Figure 2. In conclusion, the spectrum resources can be fully utilized without any waste.
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Figure 2: Multiplex broadcast and unicast in one subframe for SC-PTM
Observation 1: From scheduling and resource allocation perspective:
· SC-PTM: Radio resource for SC-PTM transmission is allocated by PDCCH, which can dynamically adapt to the varied traffic load of public safety services. If uplink CSI/HARQ feedback is enabled, radio resource for SC-PTM transmission can also dynamically adapt to the radio conditions and the correctness of UE receptions. SC-PTM transmission and unicast transmission could be multiplexed in the same subframe (as both of them are based on PDSCH), and radio resources can be fully utilized without any waste.
· MBSFN: Scheduling and radio resource allocation for MBSFN transmission is statically configured (i.e. configured by O&M). In case there are no available traffic data or no sufficient traffic data to transmit for public safety,  radio resources will be wasted as MBSFN transmission and unicast transmission can’t be  multiplexed in the same subframe (because PDSCH and PMCH have different radio frame structures). For example, assuming one PMCH is pre-established for group calls and only one MBSFN subframe is assigned for this PMCH and the MSP is 40ms, then up to 2.5% system resources might be wasted. More radio resources might be wasted if more than one PMCH are pre-established for group calls, or multiple MBSFN subframes are assigned for PMCHs while there is no sufficient number of TM9/10 UEs in the network.
2.2 Use of the physical channel
To enable the signal combining from the synchronized transmissions from multiple sites in a large area, MBSFN is designed to only support extended cyclic prefix. However, for public safety, this is actually not necessary when the broadcast area is small due to the fact that group members are localized. Compared to normal cyclic prefix, extended cyclic prefix will lead to 14.3% system capacity lost.
MBSFN is only transmitted on single antenna port (i.e. antenna port 4). Significant specification impacts are expected in order to support multiple antenna port transmission for MBSFN, e.g. the MBSFN reference signals need to be redesigned. SC-PTM transmission is based on PDSCH, hence the support of multiple antenna port transmission for SC-PTM comes for free, e.g. TM2/3 could be applied for SC-PTM to increase the radio efficiency and robustness.
Observation 2: From physical channel perspective:

· SC-PTM: SC-PTM supports normal cyclic prefix, which is more efficient than extended cyclic prefix in localized scenario. SC-PTM transmission is based on PDSCH, and the support of multiple antenna port transmission (e.g. TM2/3) for SC-PTM comes for free.

· MBSFN: MBSFN was designed to only support extended cyclic prefix, which will lead to 14.3% system capacity lost for localized scenario where the use of normal cyclic prefix is preferred. MBSFN was designed to only support single antenna port transmission (i.e. antenna port 4).
2.3 Network deployment

For MBSFN, broadcast data is sent over multiple tightly synchronized sites with identical transmissions. The synchronization between multiple sites could be achieved by e.g. GPS. However, it is always costly to synchronize the whole network for MBSFN deployment. Also, in some scenarios, e.g. RAN sharing scenario, it might be difficult to achieve the synchronization.
Comparing to MBSFN, the network planning and deployment for SC-PTM is quite easy. For SC-PTM, broadcast data is sent on a per cell basis and synchronization between multiple sites is not required. In case of critical situations (e.g. natural disaster or emergency rescue), with the help of SC-PTM, radio sites could be fast deployed to cope with the increasing communication demand on MCPTT.
Observation 3: From network deployment perspective:
· SC-PTM: broadcast data is sent on a per cell basis and synchronization between multiple sites is not required.
· MBSFN: Tight synchronization between multiple sites is required for MBSFN transmission.
3 Conclusion

In this contribution, we did some qualitative comparison between MBSFN and SC-PTM for public safety, and we have the following proposal:
Proposal: Capture the following 3 observations into TR 36.890.
Observation 1: From scheduling and resource allocation perspective:
· SC-PTM: Radio resource for SC-PTM transmission is allocated by PDCCH, which can dynamically adapt to the varied traffic load of public safety services. If uplink CSI/HARQ feedback is enabled, radio resource for SC-PTM transmission can also dynamically adapt to the radio conditions and the correctness of UE receptions. SC-PTM transmission and unicast transmission could be multiplexed in the same subframe (as both of them are based on PDSCH), and radio resources can be fully utilized without any waste.

· MBSFN: Scheduling and radio resource allocation for MBSFN transmission is statically configured (i.e. configured by O&M). In case there are no available traffic data or no sufficient traffic data to transmit for public safety,  radio resources will be wasted as MBSFN transmission and unicast transmission can’t be  multiplexed in the same subframe (because PDSCH and PMCH have different radio frame structures). For example, assuming one PMCH is pre-established for group calls and only one MBSFN subframe is assigned for this PMCH and the MSP is 40ms, then up to 2.5% system resources might be wasted. More radio resources might be wasted if more than one PMCH are pre-established for group calls, or multiple MBSFN subframes are assigned for PMCHs while there is no sufficient number of TM9/10 UEs in the network.
Observation 2: From physical channel perspective:

· SC-PTM: SC-PTM supports normal cyclic prefix, which is more efficient than extended cyclic prefix in localized scenario. SC-PTM transmission is based on PDSCH, and the support of multiple antenna port transmission (e.g. TM2/3) for SC-PTM comes for free.

· MBSFN: MBSFN was designed to only support extended cyclic prefix, which will lead to 14.3% system capacity lost for localized scenario where the use of normal cyclic prefix is preferred. MBSFN was designed to only support single antenna port transmission (i.e. antenna port 4).
Observation 3: From network deployment perspective:
· SC-PTM: broadcast data is sent on a per cell basis and synchronization between multiple sites is not required.
· MBSFN: Tight synchronization between multiple sites is required for MBSFN transmission.
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