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1
Introduction
The following agreement was reached at RAN2#89bis meeting
Agreements
1
We intend to support SC-PTM reception by UEs in IDLE and will investigate related aspects such as service continuity. 

This paper discusses how the reception of SC-PTM transmission in RRC_IDLE mode and link adaptation for SC-PTM can be supported. The impacts of link adaptation on the service continuity are also investigated in this paper.
2
Discussion
2.1
Background
The link adaptation requires an uplink feedback from UE. We interpret the support of SC-PTM reception by UEs in RRC_IDLE state as meaning not all UEs receiving SC-PTM transmission needs to be in RRC_CONNECTED state. In [1], we stated that SC-PTM can be designed so that UE in RRC_IDLE state can receive the SC-PTM transmission but that no specific service requirements can be imposed. This is true if UEs in RRC_IDLE state receiving the SC-PTM transmission are assumed to be at any radio conditions and are not considered by link adaptation process. On the other hand, if UEs receiving SC-PTM transmission can be separated into two groups of UEs, i.e. UEs in good and poor radio conditions, then the system shall use MCS robust enough to ensure that service is delivered to UEs in poor radio conditions. If the MCS is selected using the link adaptation process, this also means that uplink feedback is required only from the group of UEs in poor radio conditions. The UEs in good radio conditions may receive the SC-PTM transmission in RRC_IDLE state without service quality degradation.

Benefits of uplink feedback (CQI and HARQ with retransmissions) were studied in [2][3][4]. In our understanding, HARQ with retransmissions provides only negligible benefits for SC-PTM considering the expected complexity of such solution. Therefore, we assume the uplink feedback to consist of only CQI reporting, which was also proposed in [2].

Proposal 1: For SC-PTM, only CQI feedback is supported instead of HARQ ACK/NACK feedback and retransmissions. It is FFS whether existing CQI feedback needs further enhancements.
2.2
Selection of UEs for UL feedback provisioning and link adaptation process
UEs receiving SC-PTM transmission can be separated into two groups. One group of UEs are in good radio conditions and other group of UEs are in poor radio condition as determined by a threshold value signalled by the network, where the threshold value relates to the radio conditions that UEs are experiencing. If only CQI feedback is used with SC-PTM, the threshold value can directly be a CQI value i.e. a CQI threshold. The network shall be able to update the CQI threshold frequently with minimum signalling overhead. So MAC signalling seems to be a suitable solution for signalling the CQI threshold.

UEs in RRC_IDLE state can measure wideband CQI in sub-frames when SC-PTM transmission is scheduled or, if SC-PTM configuration (e.g. SC-MCCH) includes a sub-frame pattern indicating possible occurrence of SC-PTM user data transmission (e.g. SC-MTCH), UEs in RRC_IDLE state can measure wideband CQI in sub-frames according to the SC-PTM configuration (i.e. CQI is measured regardless of whether the SC-PTM user data transmission occurred in the sub-frame or not).

If a UE in RRC_IDLE state measures CQI which is below the most recently received value of the CQI threshold, then the UE shall establish RRC connection and inform the network about the MBMS service it is receiving, and the measured CQI value. The network can then configure the UE for CQI reporting. It is for further study whether the CQI reporting options available in the current specification are sufficient.

The network may decide at any time that the CQI reports from a given UE are not necessary. This may happen either because the UE’s radio conditions improved significantly or there are other UEs in worse radio conditions that can drive the link adaptation process. In either case, the reported CQI values from this UE are above the CQI threshold. The network may order the UE to stop CQI reporting and release the RRC connection. The network should also consider the possible ping-pong effect when making the decision. When the UE is back in RRC_IDLE state, it follows the same procedure as above, i.e. the UE measures the CQI values in RRC_IDLE state and initiates RRC connection if the measured CQI is below the threshold.
2.3
MBMS session management
SC-PTM is going to reuse eMBMS architecture. RAN3 agreed that MCE makes the decision whether SC-PTM or MBSFN is used to deliver broadcast service [5]. RAN3 also proposed text to TR 36.860 including the high level procedure description illustrating the message flow for MBMS session start procedure [6]. The eNB may start SC-PTM transmission upon reception of MBMS Session Start Request which may involve the following steps: 

1) eNB join the transport network IP multicast

2) eNB allocates RNTI

3) eNB updates the content of SC-PTM configuration (e.g. SC-MCCH) in the target cells to include information about the new MBMS session (TMGI, RNTI, and possibly sub-frame pattern) being broadcast in the cell

4) eNB starts transmission of user plane data (e.g. SC-MTCH) using MCS robust enough to provide the service at cell edge

After the delivery of MBMS session using SC-PTM is started, the network can start to increase the CQI threshold and also the MCS used for the transmission. The threshold is increased until at least one UE connects to the network and signals its interest in the MBMS session as described by the procedure in section 2.2 i.e. at least one UE’s measured wideband CQI is below the CQI threshold. At this point, the network can configure the UE for CQI reporting and apply more dynamic link adaptation. The other UEs continue to follow the procedure described in section 2.2.
2.4
Mobility and service continuity
Mobility and service continuity becomes a challenge for any SC-PTM solution which includes link adaptation. The challenging scenario occurs when the link adaptation process for SC-PTM transmission selects MCS which is not robust enough to provide the service at the cell edge. In this case, UE arriving at cell edge of the target cell (handover, cell reselection, power on at the cell edge) shall be able to decode the SC-PTM configuration (e.g. SC-MCCH) and of course the PDCCH but it will fail to decode the transport block on PDSCH. 

This challenging scenario can be addressed by extending the UE procedure described in section 2.2. The UE shall initiate the RRC connection establishment not only if the measured CQI is below the CQI threshold but also when the UE fails to decode the transport block for a certain period of time/sub-frames which means that UE’s measured CQI is below the threshold by default. This extension also covers the case of new UE (power on) appearing in the cell. The drawback is that the arriving or new UE most likely will not be able to receive the SC-PTM user data transmission until it completes the RRC connection establishment and eNB responds to it by selecting an appropriate MCS.

The service continuity can be further improved for UEs in RRC_CONNECTED state moving to a target cell if the source eNB informs the target eNB about UE’s interest in MBMS sessions (TMGIs). The target eNB can switch to MCS which provides cell edge coverage prior to the arrival of UE in the cell.

On the other hand, the mobility scenario, when UE moves from the coverage of SC-PTM cell, is simpler because it concerns only UEs in RRC_CONNECTED mode. The UE moving from the coverage of SC-PTM cell is going to belong to the group of UEs in poor radio connection, which means the UE shall connect to the network as described by the procedure in section 2.2.
2.5
MBMS session suspension by eNB
RAN2 should discuss the SC-PTM scenario when eNB receives an MBMS session start request for a session for which there is no interest by any UE in the cell. Unlike in the case of MBSFN transmission where the transmission in a cell with no UEs interested in the session can improve SINR for UEs in neighbouring cells, the SC-PTM transmission when no UEs are interested in the session is just a plain waste of resources. The eNB can determine that there are no UEs interested in the MBMS session by the application of the link adaptation process and the CQI threshold signalling as proposed by this paper. If the CQI threshold signalled by the network is set to the maximum CQI index and eNB does not receive any indication about the interest in the MBMS session via RRC signalling, then this means there is no UE interested in the session under the coverage of the cell. In this case the eNB should suspend the transmission of this session over the Uu interface even if user plane data are being received at M1 interface. However, the MBMS session should be still present in the SC-PTM configuration but should be indicated as suspended. Such SC-PTM configuration signalling allows UEs arriving to the cell to detect the availability of the session and request eNB to resume the transmission via RRC signalling.

RAN2 should also discuss the scenario when eNB received an MBMS session start request for a session for which no user plane data are currently available. This can be addressed either in MBMS session, i.e. the session (TMGI) is removed from the SC-PTM configuration, or SC-PTM specific way, i.e. as described above keeping the session in SC-PTM configuration with a “suspended/no data” flag. The SC-PTM specific way could allow for SC-PTM DRX design which could be more suitable for PoC type of services. 

Proposal 2: RAN should discuss if eNB can autonomously suspend MBMS session, e.g. due to the unavailability of user data or the lack of UEs interested in the session, and whether any broadcast signalling indicating the MBMS session status is needed as part of SC-PTM configuration.
3
Conclusion
This document presents a solution which allows the network to benefit from the link adaptation for SC-PTM transmission while the reception of SC-PTM transmission can be also supported for UEs in RRC_IDLE.

Proposal 1: For SC-PTM, only CQI feedback is supported instead of HARQ ACK/NACK feedback and retransmissions. It is FFS whether existing CQI feedback needs further enhancements.

Proposal 2: RAN should discuss if eNB can autonomously suspend MBMS session, e.g. due to the lack of available user data or the lack of UEs interested in the session, and whether any broadcast signalling indicating the MBMS session status is needed as part of SC-PTM configuration.

Proposal: Include the solution described in this document in SC-PTM TR 36.890
References

[1] R2-151591, Discussion and Working Assumptions for Single-cell PTM, Nokia Networks, 3GPP RAN2#89bis

[2] R2-151592, Performance evaluation of UL feedback schemes for SC-PTM, Nokia Networks, 3GPP RAN2#89bis

[3] R2-151516, Comparison of SC-PTM and MBSFN use for Public Safety
[4] R2-151684, Initial Radio resource efficiency evaluation of Single-Cell PTM
[5] R3-150917, Reply LS on SC-PTM transmission
[6] R3-150915, SC ptm architecture and high level procedure



