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1. Introduction

It was agreed in the last RAN2 meeting to support the reception of SC-PTM by RRC_Idle UEs. Generally, the UEs are sent to idle mode to save UE battery consumption from the UE perspectives. There is no UE requirement for monitoring of PDCCH other than paging channel while in RRC_Idle. Current evaluation of SC-PTM latency requirements in TR 36.890 does not consider the support of idle mode power saving. In this contribution, we look into possible method for addressing RRC_Idle UEs for incoming services on SC-PTM.  

2. Discussion

If the idle UEs are required to monitor PDCCH for each subframe to receive SC-PTM, there is no advantage in terms of battery consumption being in idle mode. MBMS reception UEs are provided with scheduling occasions of interested MBMS services, hence, the MBMS reception UEs in RRC_Idle could still save UE power by only monitoring the MBMS in the scheduling instances. Furthermore, start of a MBMS service is informed to the UE via MCCH modification notification hence the UE is required only to monitor the MICH for possible start of services. If SC-PTM to be compatible with unicast and MBMS delivery modes, the UE power saving while receiving SC-PTM in RRC_Idle should be investigated. SC-PTM solution should result in UE power saving comparable to that of MBMS or unicast.

Proposal 1: The UE power saving should be considered as an important design goal for SC-PTM solutions. UE power saving resulted with SC-PTM solution should at least be comparable to that of MBMS or unicast.

Latency evaluations captured in TR 36.890 assumes up to 80 ms for acquisition of SC-PTM configuration by a UE. It is assumed that SC-PTM configuration such as TMGIs and their group RNTIs/LCIDs is provided to the UE every 80ms. This means that the UE is required to monitor control channel for SC-PTM configuration information every 80ms. Even though the RRC_Connected UEs could be configured to monitor control channel every 80 ms, 80ms period is too short for the SC-PTM configuration acquisition by RRC_Idle UEs.

It should be clarified that the evaluation of End-to-end setup time in section 6.1.2.2, time for joining an ongoing group call in section 6.1.3.2, end to end access time with acknowledgement from first receiving user in section 6.1.5.2  are performed with the assumption that the receiving UEs are not considered to be in RRC_Idle status. 
Proposal 2: It is proposed to clarify that latency evaluation in section 6.1.2.2, 6.1.3.2 and 6.1.5.2 are applicable when the receiving UE is in RRC_Connected mode only.

Following similar principle and procedural approach as for MCCH change notification, notification of changes to SC-PTM configuration should be designed to target for RRC_Idle UEs. Note that a common notification procedure is preferable for both RRC_Connected and RRC_Idle UEs in the cell.

Change of SC-PTM configuration information only occurs at specific subframe in a specific radio frames. The occasions of SC-PTM configuration information is provided using concept of a modification period. The modification period boundaries are defined by SFN values for which SFN mod m= 0, where m is the number of radio frames comprising the modification period. Furthermore, which subframe to provide the SC-PTM configuration within the specified radio frame is configured as an offset value. The modification period, occurrence of SC-PTM configuration information are configured by means of  a new SystemInformationBlockType or a existing SystemInformationBlockType  such as SIB13.

To support flexibility of acquiring SC-PTM configuration information by different UEs and to support of scheduling flexibility at the network, the same SC-PTM could be repeated a number of times within a modification period.
When the network changes (some of) the SC-PTM configuration information, it notifies the UEs about the change during a first modification period. In the next modification period, the network transmits the updated SC-PTM configuration information. See Figure 1. Upon receiving a change notification, a UE interested to receive MBMS services acquires the new SC-PTM configuration information immediately from the start of the next modification period.
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Figure 1: Change of SC-PTM configuration information, no repetition is illustrated.
There is a common SC-PTM specific RNTI in the cell (SC-PTM-C-RNTI) for the transmission of SC-PTM configuration change notification to the UEs in the cell. SC-PTM-C-RNTI is transmitted on PDCCH to inform the RRC_Connected and RRC_Idle UEs of a SC-PTM configuration change. Only one bit indication is sufficient to inform the UEs of SC-PTM configuration change. When receiving an SC-PTM configuration information change notification, the UE knows that the SC-PTM information will be changed at the next modification period boundary. 
The SC-PTM configuration change notifications on PDCCH are transmitted periodically. Considering that RRC_Idle UEs in the system, the SC-PTM configuration change notification could be delivered on the paging subframes together with the paging information. This ensures the UE power saving comparable to that of unicast Idle UEs. 

The above SC-PTM configuration change notification procedure assumes that the UEs are informed of the change of SC-PTM configuration but no additional information is provided within the notification message. The UEs are required to acquire the SC-PTM configuration information provided at the next modification period to find out the interested service is provided over SC-PTM or not.

Proposal 3: RAN2 is requested to discuss SC-PTM configuration change notification procedure addressing the RRC_Idle UE power saving in the cell.

The initial latency analysis shown in TR 36.890 should be re-evaluated considering the proposed end-to-end solutions. SC-PTM configuration change notification procedure (described above) has not taken into account in the initial analysis captured in the current version of the TR.
Acquisition of SC-PTM configuration assumes 80ms SC-PTM configuration information period. As discussed above, 80 ms is not appropriate for addressing RRC_Idle UEs. If the RRC_Idle UE is required to monitor PDCCH every 80ms, there is no reason for sending the UE to RRC_Idle mode. SC-PTM configuration information period should be in equivalent to idle mode paging cycles used in the system. Typical value of idle mode paging cycle is 640ms. 

Annex A shows an calculation for SC-PTM bearer setup time using 640ms as periodicity of SC-PTM configuration information.

Proposal 4: RAN2 is requested to agree on value for SC-PTM configuration information scheduling period to be used in the latency evaluation taken into account the SC-PTM configuration change notification procedure.

Considering the support of reception by both RRC_Idle and RRC_Connected UEs, MBMS configuration in legacy system uses rf512 as the minimum MCCH modification period. SC-PTM configuration information period is equivalent of MCCH modification period. As indicated in TR 36.868 and discussed in the last RAN2 meeting, shortening of MCCH modification period has been identified as a way to reduce bearer setup latency for group communication. Similar to MCCH modification period in MBMS, SC-PTM configuration period contributes significantly to the end to end setup time in group communication over SC-PTM. If the same value is assumed for both SC-PTM configuration period and MCCH modification period, the latency analysis for SC-PTM becomes comparable to that of using MBMS.

Observation 1: If the same value is assumed for both SC-PTM configuration period and MCCH modification period, the latency analysis for SC-PTM becomes comparable to that of using MBMS.

3. Conclusion

In this contribution, we have discussed support of SC-PTM service reception by RRC_Idle UEs. In order to allow for UE power saving while in RRC_Idle mode, SC-PTM configuration notification procedure was proposed for the SC-PTM. The following proposals and observation were made.

Proposal 1: The UE power saving should be considered as an important design goal for SC-PTM solutions. UE power saving resulted with SC-PTM solution should at least be comparable to that of MBMS or unicast.

Proposal 2: It is proposed to clarify that latency evaluation in section 6.1.2.2, 6.1.3.2 and 6.1.5.2 are applicable when the receiving UE is in RRC_Connected mode only.

Proposal 3: RAN2 is requested to discuss SC-PTM configuration change notification procedure addressing the RRC_Idle UE power saving in the cell.

Proposal 4: RAN2 is requested to agree on value for SC-PTM configuration information scheduling period to be used in the latency evaluation taken into account the SC-PTM configuration change notification procedure. 
Observation 1: If the same value is assumed for both SC-PTM configuration period and MCCH modification period, the latency analysis for SC-PTM becomes comparable to that of using MBMS.

4. Annex A:
assuming 640ms for SC-PTM configuration information period, the end-to-end setup time, time for joining an ongoing group call and end-end access time with acknowledgement from first receiving user are calculated as below.

Table 1: MRB over SC-PTM setup time (blue arrows)

	Descriptions
	Time (ms)
	Comments

	Propagation of the MCPTT AS to the BMSC, MBMS-GW, MCE and eNB
	20
	This time includes backhaul delay and node processing delay.

	Acquisition of SC-PTM configuration scheduling in SIB
	10
	Processing delay at the UE

	Notification of SC-PTM configuration change
	640
	Paging delay, assume SC-PTM change notification at 640ms

	Acquisition of SC-PTM configuration
	640
	SC-PTM configuration information, such as TMGIS and their group-RNTIs/LCIDs, is provided every 640ms


	Acquisition of SC-PTM configuration 
	10
	Processing delay at the UE

	Total time
	1320
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