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1. Introduction
RAN#68 approved the new work item on support of single-cell point-to-multipoint transmission in LTE [1], which would be built on the corresponding study item. In the study phase at RAN2#89-bis, the IDLE mode reception of SC-PTM was agreed to be supported [2]; 
	Agreements
1
We intend to support SC-PTM reception by UEs in IDLE and will investigate related aspects such as service continuity. 




In RAN2#90, the LS reply on PHY aspects for SC-PTM transmission was discussed and RAN1 has the following understanding regarding HARQ-only or HARQ/CSI feedback for SC-PTM transmission [3]; 

	Answer: RAN1 has only considered the case where CSI and HARQ or HARQ only feedback is provided by all UEs receiving SC-PTM and all UEs receiving SC-PTM are in RRC_CONNECTED state. CSI and/or HARQ-ACK feedback can bring gain in the considered case. If the group of UEs receiving SC-PTM consist of UEs in both RRC_IDLE and RRC_CONNECTED states, the link adaptation and/or retransmissions based on CSI and/or HARQ feedback may not be applicable. […] 


In this contribution, the possible link adaptation mechanisms for SC-PTM transmission are considered for both UEs in connected and in idle modes. 
2. Discussion
2.1. Link adaptation in RRC Connected mode
In addition to the LS from RAN1 [3], RAN2#89-bis held the discussion on resource efficiency based on evaluations [4]

 REF _Ref418000776 \w \h 
[5]

 REF _Ref418000778 \w \h 
[6] and all results showed that SC-PTM with HARQ/CSI feedback has more gain than without feedback. So, RAN2 should assume an option to configure SC-PTM transmission with UL feedback is supported. 
Proposal 1 The serving cell should have a means to configure SC-PTM transmission with UL feedback. 
Some assumptions for UL feedback may be considered as follows: 
· Assumption 1: Both HARQ and CSI feedbacks [3]

 REF _Ref418000775 \w \h 
[4]

 REF _Ref418000776 \w \h 
[5][6] 
· Assumption 2: CSI-only feedback [5]

 REF _Ref418000778 \w \h 
[6] 

· Assumption 3: HARQ-only feedback [3] 

Both HARQ and CSI feedback provide the highest performance in spectral efficiency, while it will cause the largest overhead. The CSI-only feedback scheme shows sub-optimal performance, and it is also observed in the HARQ-only scheme (Technique 4 and “ptm-RA+NR” in [7]). Considering overhead due to the feedback, HARQ feedback (i.e., 1 bit) is more beneficial than CSI feedback (i.e., 4 bit for CQI and optionally PMI + PTI + RI). So, the HARQ-only feedback is a slightly preferable to the CSI-only feedback scheme for SC-PTM. In addition, the HARQ-only feedback, which can be used for not only HARQ retransmission but also MCS adjustment, is expected to be a simpler control mechanism than the CSI feedback. 
Proposal 2 RAN2 should assume SC-PTM with HARQ feedback for link adaptation in RRC Connected. 
If Proposal 2 is acceptable, there is an issue to reuse the existing HARQ feedback scheme for SC-PTM transmission, since the current scheme is designed for unicast transmission. Considering SC-PTM transmission is received by multiple UEs, the PUCCH resource for corresponding HARQ feedback is also shared by multiple UEs, where the existing reception of HARQ feedback does not assume multiple feedback transmissions. So, such multiple transmissions of HARQ feedback will likely cause reception error. A possible solution is implied in [8], using the “NACK-only” scheme. In addition to the concept of “NACK-only” feedback, if the receiver in the serving cell detects the NACK in power-domain, whereby the NACK signals are transmitted from multiple UEs with a pre-defined and/or group-specific sequence like SR/PRACH, then the feedback resource for SC-PTM transmission may be shared by the UEs, since the multiple NACK signals are combined in the RF and it could be seen as a single NACK feedback over multipaths at the receiver. 
Proposal 3 RAN2 should assume “NACK-only” feedback within a shared feedback resource among multiple UEs receiving the same SC-PTM transmission. 
If Proposal 2 is not agreeable, i.e., no HARQ feedback is assumed, it should be still considered whether a “Soft” link adaptation with RRC signalling would be a useful alternative, e.g., an indication from the UE using the UEAssistanceInformation or MBMSInterestIndication for SC-PTM. The UE should inform the serving cell of the reception error of SC-PTM and/or a desired MCS within the indication, then the serving cell could increase the robustness of the SC-PTM. This scheme is not assumed to be needed at a subframe-by-subframe level; therefore, such semi-dynamic link adaptation could be adopted with little RAN1 impact. 
Proposal 4 If Proposal 2 is not agreeable, RAN2 should consider link adaptation of SC-PTM in the Connected mode based on feedback over RRC signalling from UEs. 
2.2. Link adaptation in RRC Idle mode 
The LS reply mentions that RAN1 has only considered the case where CSI and HARQ or HARQ only feedback is provided by all UEs receiving SC-PTM and all UEs receiving SC-PTM are in RRC_CONNECTED state, yet If the group of UEs receiving SC-PTM consist of UEs in both RRC_IDLE and RRC_CONNECTED states, the link adaptation and/or retransmissions based on CSI and/or HARQ feedback may not be applicable [3]. Currently, when a UE experiences SC-PTM reception problems, the UE has two ways to achieve continuous reception of SC-PTM. The UE may transition to RRC_CONNECTED then either sends HARQ feedback corresponding to SC-PTM (if Proposal 2 is acceptable) or establish a Unicast bearer for the MBMS service. These UE behaviours should be considered as the baseline mechanisms since any standard impacts may not be expected or be minimal (if any). 

Observation 1 The UE in RRC_IDLE needs to transition to RRC_CONNECTED when it experiences SC-PTM reception problems. 
However, the transition to RRC_CONNECTED will cause not only additional power consumption in the UE but also additional load in the serving cell. For example, if the UE decides to establish a new Unicast bearer for the concerned MBMS service (instead of SC-PTM reception), it may cause degradation of the spectral efficiency since the same data is still provided over SC-PTM. To avoid establishments of additional Unicast bearers, it should be considered whether there are benefits for introducing HARQ feedback for SC-PTM for IDLE UEs. Although HARQ feedback works well in most cases, there may be room for improvement in terms of UE power consumption UE when the UE is only interested in SC-PTM reception. 
Additionally, some failure cases should be considered, e.g., RRCConnectionReject due to congestion. If the UE experiencing bad reception of SC-PTM initiates RRCConnectionRequest but it’s rejected by the serving cell, the UE may perform cell reselection and re-initiate RRCConnectionRequest for service continuity. It’s not a power efficient way for the UE and also the serving cell has no way of knowing whether the current MCS for SC-PTM is adequate or not for all UEs. 
Therefore, since it is already agreed “to support SC-PTM reception by UEs in IDLE and will investigate related aspects [1]”, it should be considered how link adaptation involving the UEs in Idle mode needs to be handled.  
Proposal 5 RAN2 should consider how to handle link adaptation for IDLE UEs and discuss possible enhancements. 
If Proposal 5 is agreeable, it may be worth considering whether link adaptation mechanism is possible even if the UE stays in the Idle mode. Two possible alternatives may be considered; 
· Alternative 1: “Relaxed” link adaptation with RRC Connection Request 
The discussion in RAN2#89-bis pointed out that UEs would CONNECT once they experience too many errors. Then, the eNB would know about the bad link and could increase the robustness as a “relaxed” link adaptation. As the specification impact, the EstablishmentCause in the RRCConnectionRequest may be extended, e.g., in order to clarify this transition is due to reception error of the SC-PTM(s) which corresponds to TMGI(s) of interest. With this alternative, the serving cell may also have an option to always reject the RRCConnectionRequest if the EstablishmentCause is just for link adaptation of SC-PTM. 
· Alternative 2: “Accurate” link adaptation with NACK-only and feedback pool 
This alternative assumes NACK-only scheme, i.e., Proposal 3, and also a “feedback pool” like the PRACH resource and/or the D2D resource pool. The UE in the RRC_IDLE is allowed to transmit NACK within the “feedback pool”, without timing alignment and without the need to transition to RRC_CONNECTED. If the “feedback pool” is defined also for RRC_CONNECTED, the common “feedback pool” for RRC_Connected and RRC_IDLE may be shared by all the UEs receiving the SC-PTM. In exchange for these benefits, large specification impact is expected. 
Unless the reception quality of SC-PTM for UEs in RRC_IDLE is ignored, i.e., best-effort reception, RAN2 should discuss how to ensure at least moderate quality of SC-PTM reception for IDLE UEs. Alternative 1 will work with simple extension of the current specification, although it may cause data loss since any retransmission for the error data is assumed. Alternative 2 has benefits for not only link adaptation but also retransmission, and it may also offer a common solution for both UEs in Idle and Connected, while big efforts in standardization would be expected. Considering SC-PTM is assumed for MCPTT use, more robust reception is desirable, i.e., to minimize data loss. So, Alternative 2 is worth further consideration. 
Proposal 6 RAN2 should discuss whether the UEs in RRC_IDLE should be allowed to send feedback for link adaptation/retransmission, when SC-PTM data is not successfully received. 
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Fig. 1
Link adaptation with NACK-only and feedback pool (Alternative 2) 

3. Conclusion 
In this paper, the link adaptation mechanisms for SC-PTM are considered for both UEs in RRC Connected and Idle. The potential issues and solutions alternatives are identified. Finally, a possibility of unified solution is suggested for both Connected and Idle modes.  RAN2 is kindly asked to take into account the observations/proposals below; 
Proposal 1
The serving cell should have a means to configure SC-PTM transmission with UL feedback.
Proposal 2
RAN2 should assume SC-PTM with HARQ feedback for link adaptation in RRC Connected.
Proposal 3
RAN2 should assume “NACK-only” feedback within a shared feedback resource among multiple UEs receiving the same SC-PTM transmission.
Proposal 4
If Proposal 2 is not agreeable, RAN2 should consider link adaptation of SC-PTM in the Connected mode based on feedback over RRC signalling from UEs.
Observation 1
The UE in RRC_IDLE needs to transition to RRC_CONNECTED when it experiences SC-PTM reception problems.
Proposal 5
RAN2 should consider how to handle link adaptation for IDLE UEs and discuss possible enhancements.
Proposal 6
RAN2 should discuss whether the UEs in RRC_IDLE should be allowed to send feedback for link adaptation/retransmission, when SC-PTM data is not successfully received.
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