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1 Introduction
In the RAN#68 meeting, a new Work Item on Support of Single-cell PTM transmission in LTE [1] was approved. SC-PTM transfers the MBMS session data over a single cell using PDSCH, and it is scheduled using a common RNTI (Group-RNTI) on PDCCH. A UE performing the SC-PTM reception might be either in RRC_IDLE or in RRC_CONNECTED. For SC-PTM configuration and operation, the corresponding objective is as follow:
Specify air interface aspects to support the SC-PTM operation. In particular, specify: [RAN2]
· SC-PTM configuration: 
· Use one Group-RNTI per TMGI.
· Provisioning of the SC-PTM configuration using a SC-PTM specific MCCH.
· Support transmission schemes associated with Transmission Mode 1, 2 and 3 for SC-PTM transmission. 
During the study phase, in the RAN2#90 meeting, the following agreements were made for SC-PTM configuration and operation:
· As a baseline, assume that SC-PTM transmission uses a common Group-RNTI used on PDCCH and PDSCH in regular unicast subframes.

· Use one G-RNTI per TMGI and thus, per user group.

· Use SC-PTM specific MCCH (SC-MCCH) to signal the TMGI to G-RNTI mapping.

· Use SC-RNTI to identify the PDCCH that contains scheduling information for SC-MCCH.

· System information contains SC-MCCH configuration.
In this contribution, we will discuss the SC-PTM configuration and operation, based on the agreements made during the study phase.
2 Discussion
2.1
Confirmation of the agreements made during the study phase
As a start, it is proposed to confirm the agreements made on SC-PTM configuration and operation during the study phase, which are aligned with the current Work Item description. 
Proposal 1: Confirm the following agreements for SC-PTM configuration and operation:
· Use one Group-RNTI per TMGI.

· Use SC-PTM specific MCCH (SC-MCCH) to provide the SC-PTM configuration, e.g. TMGI to Group-RNTI mapping.
· Use SC-RNTI to identify the PDCCH that contains the scheduling information for SC-MCCH.

· System information contains the SC-MCCH configuration.
2.2 SC-MCCH design
In MBSFN, a cell could belong to up to 8 MBSFN areas and each MBSFN area carries its own MCCH. For SC-PTM, the area of all PTM transmissions is the cell, so it is sufficient to only have one SC-MCCH. 
Proposal 2: Only one SC-MCCH can be configured for one cell.
Just like MCCH for MBSFN, SC-MCCH should be transmitted periodically, using a configurable SC-MCCH repetition period. Furthermore, to achieve the trade-off between MBMS bearer setup latency and UE power consumption for different use cases, SC-MCCH change notification and SC-MCCH modification period could be introduced, as the MCCH change notification and MCCH modification period for MCCH in MBSFN. For public safety, to satisfy the stringent GCSE/MCPTT latency requirements, the SC-MCCH modification period might be configured to a very short value (e.g. the same value as the SC-MCCH repetition period).
Different services with different latency requirements may require different SC-MCCH repetition period and modification period. When they are to be transmitted in the same cell, eNB should configure the SC-MCCH repetition period and modification period according to the service with the most stringent latency requirement. Note that introducing multiple SC-MCCH can’t solve this problem, as the UE doesn't know which SC-MCCH will provide the configuration for the desired service before the session start, and consequently the UE has to monitor all the SC-MCCH.
Proposal 3: SC-MCCH supports repetition period, modification period and change notification. The SC-MCCH modification period might be configured to the same value as the SC-MCCH repetition period.
In MBSFN, the M-RNTI on PDCCH is used to inform the UE about a change of MCCH information upon session start. The notification on PDCCH indicates which of the MCCHs will change, which is done by means of an 8-bit bitmap. For SC-PTM, we consider the following three options for SC-MCCH change notification. 
· Option1: M-RNTI like change notification
Like the M-RNTI for MBSFN, for SC-PTM, introduce the SC-M-RNTI on PDCCH to inform the UE about a change of SC-MCCH information upon session start. Since there is only one SC-MCCH for one cell, we can use one bit within the 8-bit bitmap for the SC-MCCH information change notification. When receiving an SC-MCCH information change notification, the UE knows that the SC-MCCH information will change at the next modification period boundary.
· Option 2: Use SC-RNTI for change notification, change notification before the real SC-MCCH change
For SC-PTM, as it was agreed to use SC-RNTI to identify the PDCCH that contains the scheduling information for SC-MCCH, we can consider to reuse the NDI on PDCCH to indicate the SC-MCCH information change. Since there is no HARQ retransmission for SC-MCCH, it is feasible to reuse the NDI on PDCCH to indicate the SC-MCCH information change. As shown in Figure 1, when the eNB plans to change the SC-MCCH information, it can set the NDI on PDCCH to "0" during the first modification period to inform the UE that the SC-MCCH information will change at the next modification period boundary. 
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Figure 1: SC-MCCH information change (option 2)
· Option 3: use SC-RNTI for change notification, change notification together with the real SC-MCCH change

Similar to option 2, option 3 also reuse the NDI on PDCCH to indicate the SC-MCCH information change. As shown in Figure 2, the difference is that the SC-MCCH information change notification and the SC-MCCH information update will happen together in the same SC-MCCH modification period. In the beginning of one SC-MCCH modification period, if the NDI have been toggled, it means that the SC-MCCH information will be changed in this SC-MCCH modification period, in which case the UE shall start decoding the SC-MCCH. Otherwise, if the NDI haven’t been toggled, it means that the SC-MCCH information will not change in this SC-MCCH modification period, and the UE can skip decoding the SC-MCCH to save UE battery.
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Figure 2: SC-MCCH information change (option 3)

Technically, all of the above three options can work for SC-PTM. Nevertheless, it seems that option 1 is more complicated compared to the others as it requires introducing a new SC-M-RNTI. Further more, option 1 will consume more PDCCH, i.e. one extra PDCCH scrambled by SC-M-RNTI in addition to the PDCCH for SC-MCCH scheduling (scrambled by SC-RNTI).  Option 3 seems better than option 2 in terms of robustness, because in option 2 if the UE missed all the SC-MCCH change notifications in one SC-MCCH modification period, it will be unable to get the updated SC-MCCH information in the next SC-MCCH modification period. However, this is not the case for option 3, as the UE will still find that the NDI have been toggled hence will decode the already updated SC-MCCH information. Therefore, it is proposed to adopt the option 3.
Proposal 4: Reuse the NDI on PDCCH to indicate the SC-MCCH information change. In the beginning of one SC-MCCH modification period, if the NDI have been toggled, it means that the SC-MCCH information will be changed in this SC-MCCH modification period, in which case the UE shall start decoding the SC-MCCH.
2.3 SC-MCCH configuration in system information
Technically, the SC-MCCH configuration could be accommodated in the exiting SIB13 or a new SIB. Nevertheless, it is beneficial to use a new SIB, as by this way SC-PTM can be decoupled from MBSFN in the configuration signalling, which enables the operators to only deploy SC-PTM in scenarios where MBSFN is not suitable, e.g. in unsynchronized network.

Based on the discussion in section 2.2, the SC-MCCH configuration will contain the SC-MCCH repetition period and SC-MCCH modification period. Additionally, the SC-MCCH configuration also needs to contain the SC-MCCH subframe offset, so that the UE can know in which subframe the SC-MCCH will be scheduled. 
Regarding the SC-RNTI (i.e. TMGI independent RNTI), which is used to identify the PDCCH that contains the scheduling information for SC-MCCH, it could be configurable in the new SIB or predefined in the specification. As analyzed in TR36.890 [2], if the SC-MCCH is transmitted using a predefined SC-RNTI value, the UE could monitor the SC-MCCH transmissions even before acquiring the target cell SC-PTM SIB in case of service continuity (e.g. SC-PTM->SC-PTM due to mobility), and consequently the service interruption time could be reduced. Therefore, it is proposed to use a predefined SC-RNTI value.
Proposal 5: Introduce a new SIB to accommodate the SC-MCCH configuration, which contains the SC-MCCH modification period, SC-MCCH repetition period and SC-MCCH subframe offset.
Proposal 6: The value of SC-RNTI is predefined in the specification.
2.4 SC-PTM configuration on SC-MCCH
For each MBMS service, the SC-PTM configuration provided on SC-MCCH comprises the necessary information for the UE to receive it via SC-PTM. Based on the discussion in the previous sections, we think that at least the following parameters should be included:

· TMGI and optional Session ID, to identify the MBMS service and the ongoing session.
· The associated Group-RNTI, so that the UE knows the mapping between TMGI and Group-RNTI.
· The Transmission Mode (i.e. TM 1, 2 or 3). As indicated in the Work Item description, we need to support transmission schemes associated with Transmission Mode 1, 2 and 3 for SC-PTM transmission.
Proposal 7: SC-PTM configuration comprises the list of MBMS services to be provided over SC-PTM, for each including:

· TMGI and optional Session ID

· Associated Group-RNTI
· Transmission Mode (i.e. TM 1, 2 or 3)
2.5 DRX operation

For SC-PTM, the eNB should inform the UE of the subframes where the MBMS services might be scheduled, otherwise the UE has to monitor PDCCH in every subframe, which is not UE battery efficient. The opportunities for PDCCH monitoring would be applicable for all UEs within the same group, for both UEs in RRC_IDLE and UEs in RRC_CONNECTED.
For the DRX mechanism for SC-PTM reception, the following two options could be considered:
· Option1: Aligned with the existing DRX mechanism
In the existing DRX mechanism, the UE in RRC_IDLE is required to monitor PDCCH for paging reception only in the paging occasions, while the UE in RRC_CONNECTED is required monitor PDCCH for dedicated data reception only during the Active Time. This option will try to align the PDCCH monitoring opportunities for SC-PTM reception with the PDCCH monitoring opportunities for paging/dedicated data reception, which enables the maximum UE battery saving potential.

However, for all UEs within the same group, it seems very difficult to align the PDCCH monitoring opportunities for SC-PTM reception with that for paging/dedicated data reception, as different UE may have different PDCCH monitoring opportunities for paging/dedicated data reception. Considering that UEs may belong to multiple groups, such kind of alignment will be even harder.
· Option2: Independent of the existing DRX mechanism
This option is similar to the MBSFN reception which is performed independently of the existing DRX mechanism. For each MBMS service to be provided over SC-PTM, by the configuration of the scheduling period and the start offset, the UE can know in which subframes it should wake up and monitor the associated Group-RNTI on PDCCH.
More specifically, for one MBMS service, the PDCCH monitoring opportunities are the subframes that satisfy the following condition:
[(SFN * 10) + subframe number] modulo (scSchedulingPeriod) = scStartOffset
Where, scSchedulingPeriod and scStartOffset are the configured scheduling period and start offset respectively for the concerned MBMS service.

For option 2, alternatively the eNB can only configure the scheduling period, and then it is up to the UE to calculate the PDCCH monitoring subframes within each scheduling period based on the TMGI or Group-RNTI. Although this alternative is also technically feasible, the explicit configuration of the scheduling period and the start offset allows more eNB control, e.g. to spread the scheduling of different groups in the time domain. Therefore, it is proposed to adopt the option 2. It is apparent that the DRX information should be accommodated in the SC-PTM configuration on SC-MCCH.
Proposal 8: SC-PTM configuration also comprises the scheduling period and start offset for each MBMS service to be provided over SC-PTM, which indicates the subframes where UE should monitor the associated Group-RNTI on PDCCH.
3 Conclusion 
In this contribution, we discussed the SC-PTM configuration and operation based on the agreements made during the study phase, and we have the following proposals:
Proposal 1: Confirm the following agreements for SC-PTM configuration and operation:

· Use one Group-RNTI per TMGI.

· Use SC-PTM specific MCCH (SC-MCCH) to provide the SC-PTM configuration, e.g. TMGI to Group-RNTI mapping.
· Use SC-RNTI to identify the PDCCH that contains the scheduling information for SC-MCCH.

· System information contains the SC-MCCH configuration.
Proposal 2: Only one SC-MCCH can be configured for one cell.
Proposal 3: SC-MCCH supports repetition period, modification period and change notification. The SC-MCCH modification period might be configured to the same value as the SC-MCCH repetition period.
Proposal 4: Reuse the NDI on PDCCH to indicate the SC-MCCH information change. In the beginning of one SC-MCCH modification period, if the NDI have been toggled, it means that the SC-MCCH information will be changed in this SC-MCCH modification period, in which case the UE shall start decoding the SC-MCCH.
Proposal 5: Introduce a new SIB to accommodate the SC-MCCH configuration, which contains the SC-MCCH modification period, SC-MCCH repetition period and SC-MCCH subframe offset.
Proposal 6: The value of SC-RNTI is predefined in the specification.
Proposal 7: SC-PTM configuration comprises the list of MBMS services to be provided over SC-PTM, for each including:

· TMGI and optional Session ID

· Associated Group-RNTI
· Transmission Mode (i.e. TM 1, 2 or 3)
Proposal 8: SC-PTM configuration also comprises the scheduling period and start offset for each MBMS service to be provided over SC-PTM, which indicates the subframes where UE should monitor the associated Group-RNTI on PDCCH.
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