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1. Introduction
RAN2#95 agreed to a Working Assumption that “For non-standalone case, Rel-14 FeMBMS carrier broadcasts MIB and all SI needed to receive FeMBMS transmission in Idle mode. Which of the necessary SI and contents are FFS”. In addition, it was also agreed that “100% MBSFN subframe allocation allows for subframes to be set aside, for example, for cell search and broadcasting of necessary system information”.
In this contribution, we look at further details of how the system information can be provided in an FeMBMS carrier with 100% MBSFN subframe allocation, which does not support unicast transmissions in the downlink per RAN1#86 agreement, and suggest proposals.

2. Discussion

For the UE to be able to receive MBMS services, it has to acquire the necessary system information for that carrier. Similar to legacy (Rel-13) eMBMS, this information will be provided via MIB and SIBs. When the carrier operates with less than 100% MBSFN, since at least subframes 0 and 5 of each radio frame can be used as non-MBSFN subframes per RAN1 agreements, the legacy MIB and SI broadcasting can be used.

Proposal 1: For a carrier with less than 100% MBSFN, then legacy MIB and SI scheduling are used.

When the carrier uses 100% MBSFN subframe allocation, the scheduling of SIBs and BCH (MIB) will require some changes. In the sequel, FeMBMS carrier will refer to one with 100% MBSFN allocation, i.e. without unicast. 

In legacy carriers, MIB is transmitted every 40ms and repeated every 10ms on the second slot of subframe #0. For FeMBMS, repetition every 10ms will cause a large amount of overhead as the same subframe cannot be used for MBMS services without substantial impact on physical layers. This is due to the fact that, per RAN1 agreement, PMCH will use a different numerology (frequency, symbol duration, and CP length) than PBCH and PDSCH. Therefore, it is more optimal to transmit MIB every 40ms as in the legacy system but have repetitions, if needed, within the same subframe which could be in time-domain (more symbols) and frequency-domain [2]. The decision on the repetitions is RAN1 responsivity; from RAN2 perspective, the legacy periodicity can be taken as baseline.

Proposal 2: On FeMBMS carrier, MIB is transmitted every 40ms as in a legacy carrier, for which SFN mod 4 = 0 on subframe #0. The repetitions, if needed, will be concluded per RAN1 decisions.
Since the main goal of increased MBSFN subframes is to utilize as many of them as possible for MBMS services, it is essential to use a reduced number of non-MBSFN subframes for system information broadcasting. Therefore, the same subframe for MIB should also be utilized for broadcasting SIBs.
Proposal 3: Subframe #0 on SFN mod 4 = 0 will also be used for SIB transmissions.
For an FeMBMS carrier, it is essential to have a mechanism to prevent legacy UEs from camping on this cell since paging will not be supported (per RAN2#95 agreement). This mechanism can be done either at PHY or L2. Even though PHY option, for example using different PSS/SSS structure, would be more efficient. However RAN1#86 agreed that “eMBMS enhancements do not require changes to any channels and signals needed for MBMS operation except PMCH and MBSFN-RS”. Therefore a solution has to be provided at transport layer. Using SIB1 is not a feasible option since its scheduling will be at different times (subframe 0 vs 5). Therefore, this has to be done in the MIB where one of the existing IEs should be adapted to have a new value which corresponds to the FeMBS indication. This can be done, for example, with dl-Bandwidth which currently has 6 values and thus 2 spare ones. 
Proposal 4: Provide a mechanism to prevent legacy UE camping on FeMBS carrier at MIB.

In legacy carriers, SIB1 and other SI messages are scheduled at different times. However, in line with Proposal 2, it will be more efficient to schedule as many SIBs as possible on the subframe used for the MIB. This can be done in several ways:
1. Allow including SIB1 in an SI message. With this, SIB1 can still provide scheduling information for other SI messages.
2. Define a new SI-RNTI for SI messages other than SIB1. This way, the same subframe can schedule SIB1 with the legacy S-RNTI and other SI messages with the new SI-RNTI.

Both options are feasible and RAN2 can select one of them.
Proposal 5: In order to schedule SIB1 and other SIBs in the same subframe, RAN2 can either allow transmitting SIB1 in a SystemInformation message or use the legacy SI-RNTI for SIB1 while adopting a new SI-RNTI for other SI messages.

The next issue is how often SIB1 should be transmitted. As a baseline, the legacy periodicity of 80ms can be assumed. The repetitions needed can be decided per RAN1 progress on the physical layer aspects.
Proposal 6: As a baseline, SIB1 periodicity will be assumed to be same as legacy at 80ms.

Most of the SIBs used in legacy LTE are not needed for MBMS services even if the carrier also provides unicast as an SCell. These are SIB-6 (re-selection to UTRAN), SIB-7 (re-selection to GERAN), SIB-8 (re-selection to CDMA), SIB-9 (HeNB), SIB-14 (EAB parameters), SIB-17 (WLAN interworking), SIB-18 (sidelink communication), SIB-19 (sidelink discovery), and SIB-20 (SC-PTM).

Proposal 7: An FeMBMS carrier will not broadcast SIB-6, SIB-7, SIB-8, SIB-9, SIB-14, SIB-17, SIB-18, SIB-19, and SIB-20.

If the deployment choice requires that an FeMBMS carrier has to transmit many of the remaining SIBs with large contents, then it is unlikely that they can fit in the single subframe used for the MIB. Therefore, dynamic scheduling as used in legacy carrier will be necessary to utilize other subframes. For this, no changes to RRC is needed since the SI scheduling information in SIB1 can be used as before. However, the UE now has to monitor PDCCH in such scheduling locations even if they might be indicated as MBSFN subframes in SIB2. This behaviour is consistent with the recent RAN1 agreement on SIB2 scheduling for eMTC [2]. The eNB should try to minimize the locations of potential non-MBSFN subframes used for SI (for example by setting si-WindowLength to 1ms). We note that this still allows utilizing only the MIB subframe locations for SI broadcasting.
Proposal 8: Scheduling information for other SIBs will be provided in SIB1 as in legacy system. The UE will assume that the indicated scheduling locations are non-MBSFN subframes.

The existing parameter in SIB2 for MBSFN configuration do not allow the increased number of MBSFN subframes. Therefore, they need to be modified. The simplest way is to define subframeAllocation-r14 as BIT STRING (SIZE(39)) follows which can indicate the MBSFN subframes other than the one used for discovery, MIB, and SIBs.

Proposal 9: Define a new subframe allocation for MBSFN in SIB2 as BIT STRING (SIZE(39)) to signal the increased number of MBSFN subframes.
When the system information changes, the paging message is used on legacy carriers to inform the UEs. Since paging is not supported on FeMBMS carrier, detecting these changes should be left to UE implementation.

Proposal 10: Detecting system information changes for FeMBMS will be left to UE implementation.
3. Conclusion
In this contribution, we discussed system information broadcasting for FeMBS and propose the following:

Proposal 2: On FeMBMS carrier, MIB is transmitted every 40ms as in a legacy carrier, for which SFN mod 4 = 0 on subframe #0. The repetitions, if needed, will be concluded per RAN1 decisions.

Proposal 3: Subframe #0 on SFN mod 4 = 0 will also be used for SIB transmissions.

Proposal 4: Provide a mechanism to prevent legacy UE camping on FeMBS carrier at MIB.

Proposal 5: In order to schedule SIB1 and other SIBs in the same subframe, RAN2 can either allow transmitting SIB1 in a SystemInformation message or use the legacy SI-RNTI for SIB1 while adopting a new SI-RNTI for other SI messages.

Proposal 6: As a baseline, SIB1 periodicity will be assumed to be same as legacy at 80ms.

Proposal 7: An FeMBMS carrier will not broadcast SIB-6, SIB-7, SIB-8, SIB-9, SIB-14, SIB-17, SIB-18, SIB-19, and SIB-20.

Proposal 8: Scheduling information for other SIBs will be provided in SIB1 as in legacy system. The UE will assume that the indicated scheduling locations are non-MBSFN subframes.

Proposal 9: Define a new subframe allocation for MBSFN in SIB2 as BIT STRING (SIZE(39)) to signal the increased number of MBSFN subframes.
Proposal 10: Detecting system information changes for FeMBMS will be left to UE implementation.
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