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1. Introduction
In RAN2#95, the necessity of feedback and retransmission for SC-PTM was discussed but no conclusion was made [1]. 
In this contribution, the details of feedback scheme for link adaptation and retransmission are discussed. 
2. Discussion
2.1. Background 
The simulation evaluation of spectral efficiency with feedback and link adaptation/retransmission was performed by multiple vendors for the eMBMS discussion in 2007 [2]
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[3]. In [2], it was explicitly concluded that “Comparing different approaches to single-cell transmission, ptm including possibility for (group-specific) adaptation and retransmissions is always more efficient than ptp and the gains could be significant (>100%) at a high number of users within the cell (Figure 3 square marker). Single-cell ptm without the possibility for adaptation and retransmissions is significantly less efficient, compared to ptp, for low user densities (indirectly from Figure 3).” 
Observation 1 Link adaptation and retransmission are beneficial for better spectral efficiency. 
In Rel-13 SC-PTM study, the same discussion was also held, and RAN2 was answered by RAN1 in the LS [4] 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. CSI and/or HARQ-ACK feedback can bring gain in the considered case.” This LS referred to the above contributions [2]
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[3]. The TR captured the additional simulation results from [5]
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[6]
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[7] and some remarkable conclusions such as “SC-PTM with UL feedback provides better spectral efficiency than unicast if the service needs to be delivered to two or more UEs per cell” [8]. But it was not specified since “It has not been concluded whether the gains provided by HARQ and retransmission are worth the increased complexity of the system” in the study phase [8]. 
In the Rel-14 V2X study, the TR captured that “For DL multicast/broadcast, RAN1 has observed performance benefit with the following enhancements: […] HARQ feedback […] CSI feedback” [9]. Once the study concluded that “It is recommended to support the following solutions identified in this TR for Uu-based V2X: […] HARQ feedback and retransmissions for SC-PTM and MBSFN, with necessary additional study” [9], it was eventually excluded from the scope of the follow-up working item [10]. 
Observation 2 Rel-13/14 studies reconfirmed the UL feedback has performance gains in terms of spectral efficiency and capacity, while the necessity of further study was identified. 
In FeMTC/eNB-IoT session of RAN2#95, the discussion was initiated by the contributions [11]~[14], but the problem was a bit different from the past, i.e., between FeMTC/eNB-IoT and legacy LTE, or between multicast-type service, e.g., firmware delivery [15]
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[16] and broadcast-type service, e.g., voice streaming.  The following points are the basis for the justification for the need of feedback and retransmission in Rel-14; 
· The probability of retransmission via Unicast increases significantly, e.g., 12.2 times higher than legacy LTE due to limitation of TBS [11]
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[12], which also affects UE power consumption. 
· The retransmission packet size via Unicast becomes much bigger than the failed packet, due to limitation of TBS [11]
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[12] or by re-acquisition of entire firmware with a upper layer retransmission [13]

 REF _Ref460962047 \w \h 
[14], which causes unnecessary battery consumption. 
· Too much blind repetition or no opportunity for link adaptation forces the system to operate under the worst spectral efficiency [12]
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[13]. 
In addition, the following issues were brought up since RAN2 agreed that “Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC” and “Reception of multi-cast in RRC_CONNECTED mode is not required for NB-IoT and FFS for MTC”, i.e., to assume only UEs in RRC IDLE receive SC-PTM [1]; 
· If the robustness is achieved by using application level retransmission as suggested during the discussion [1], there will be a significant increase in the number of requests for RRC connection establishment/resumption simultaneously/continuously. 
· Also, the corresponding signalling exchanges over Uu are needed before the retransmission. 
Observation 3 The UE power consumption is degraded with inefficient retransmission, e.g., by relying on the application layer. 
From the perspectives of UE power consumption, spectral efficiency and NW congestion, there is no technical reason to exclude the introduction of feedback and retransmission in AS layer for Rel-14 multicast enhancements, even if the other observation is also true, i.e., TU limitation in this WI [1]. 
Proposal 1 RAN2 should decide to introduce the UL feedback and DL retransmission in AS layer as a multicast enhancement. 
2.2. Feedback scheme 
2.2.1. General 
The UL feedback referred in the TR [8] was both CSI feedback and HARQ feedback. In terms of the spectral efficiency, the best performance is observed with both CSI feedback and HARQ feedback and the sub-optimal performance is achieved with either CSI feedback only or HARQ feedback only [2]. Considering the signalling overhead, the feedback with both CSI and HARQ is not preferable. In addition, HARQ feedback (i.e., 1 bit) is more efficient than CSI feedback (i.e., 4 bits for CQI and optionally PMI + PTI + RI). Also, the HARQ feedback is used for not only link adaptation but also retransmission as discussed in section 2.1, HARQ feedback is straight forward for the multicast enhancements. 
Proposal 2 RAN2 should assume HARQ feedback is used for link adaptation and/or retransmission of Rel-14 SC-PTM. 
On the other hand, the challenge of HARQ feedback for SC-PTM is how to facilitate the feedback from IDLE UEs [13], based on the agreement that “Reception of multi-cast in RRC_IDLE mode is required by both NB-IoT and MTC” [1]. In other words, the current UL feedback is provided within PUCCH or PUSCH, while no dedicated resource is allocated for the UE in RRC IDLE. 
Observation 4 HARQ feedback from IDLE UEs without dedicated resources needs to be addressed. 
Also, the following characteristics for HARQ feedback should be considered; 
· “Multipoint-to-point” feedback: The issue of multiple feedbacks from multiple UEs for a single DL data should be considered. If there were a large number of UEs, e.g., mMTC [17], the number of UL signalling is problematic since it may be increased with {(#of TMGIs) x (#of TBs) x (#of UEs)}. 
· “Anonymous” feedback: The serving cell may not need to distinguish who sends the feedback, i.e., the link adaptation and/or retransmission could be decided only with the knowledge of TMGI and TB associated to the feedback, since e.g., there is no difference between only one NACK and many NACKs to initiate the retransmission. 
Observation 5 The number of HARQ feedbacks increases with the number of UEs receiving SC-PTM. 
Observation 6 HARQ feedback for multicast is not required to identify the sender UE. 
2.2.2. Details 
Some options of HARQ feedback for multicast are identified in V2X study as follows [9]; 

	In the event that HARQ feedback for DL multicast/broadcast transmissions were to be introduced, at least in a single cell, two options are identified for HARQ feedback resource allocation:

•
UE-common resource: Multiple UEs receiving the same DL multicast/broadcast transmission transmit HARQ feedback on the same resource.

•
UE-specific resource: Different UEs receiving the same DL multicast/broadcast transmission transmit HARQ feedback on different resources.


Based on the observations in section 2.2.1, the concept of “UE-common resource” should be the baseline for the feedback of FeMTC/eNB-IoT multicast. 

Proposal 3 RAN2 should assume a common resource is allocated among multiple UEs for multicast feedbacks. 
The transmission from IDLE UE is not a new concept. For example, PRACH transmission before RRC connection establishment is allowed from Rel-8 [18], Sidelink transmission in IDLE is specified in Rel-12 [19] and CE level reporting with different PRACH resource during initial access is introduced in Rel-13 [20]. So, the feedback scheme should reuse the existing concepts/specifications as much as possible. For example, the common resource may be similar to the concept of both/either Rel-13 CE level reporting, i.e., PRACH-ParametersListCE-r13 [21], and/or the Rel-12 resource pool, e.g., discTxPoolCommon-r12 [21]. 
Observation 7 The UE-common resource may be depicted as Rel-13 PRACH resources per CE level or Rel-12 resource pool for sidelink, as the starting point. 
As discussed in section 2.2.1, the serving cell needs to distinguish TMGI and TB (Transport Block) associated with a HARQ feedback, without the need to know the identity of the sender. One approach is to use time-domain mapping as it is done today, i.e., HARQ feedback is sent in subframe n+4 (i.e., 4ms after the data reception). It’s reused to distinguish TB. 
Proposal 4 RAN2 should consider that HARQ feedback is transmitted in subframe n+4 to distinguish each transport block (or HARQ process), as it is done today. 
Regarding how to distinguish TMGI from HARQ feedback, there may be two alternatives; 
· Alt.1: Different signals: For example, with PRACH, different preambles are mapped to different TMGIs. 
· Alt.2: Different radio resources: For example, with the resource pool for sidelink, different pools are mapped to different TMGIs. 
The number of TMGIs supported may be limited to the available resources, i.e., how many preambles (Alt.1) or how much resources can be provided for the feedback. From the standardization point of view, Alt.1 needs to involve RAN1, while Alt.2 may be decided in RAN2. 
Proposal 5 RAN2 should discuss whether each TMGI is distinguished by different signals, e.g., preambles, or different radio resources, e.g., feedback pools. 
The existing HARQ feedback for Unicast consists of ACK and NACK. The ACK/NACK is beneficial to ensure the successful data delivery, accurate link adaptation and so on. Considering ACK is most of the cases and many UEs receive SC-PTM, however, the number of HARQ feedback is significantly increased as discussed in Observation 5. 
To avoid such massive feedbacks, NACK-only feedback was suggested in Rel-13 SC-PTM study [22]
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[23]. With this method, the UE only send HARQ feedback, i.e., NACK, when it fails to receive SC-PTM. In other words, the UE doesn’t send any feedback during SC-PTM is successfully received.  Needless to say, reducing UL signalling reduces UE power consumption. 
Proposal 6 RAN2 should discuss whether NACK-only feedback is beneficial to limit the number of HARQ feedbacks. 
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Figure 1  Example of NACK-only HARQ feedback with common resource [23]
2.2.3. Further optimizations (if time allows)

In this section, some of further optimizations for HARQ feedback are discussed. 
If the ACK feedback is still beneficial for SC-PTM e.g., to ensure the successful delivery as it is for Unicast, it’s worth discussing how to minimize the number of feedbacks. As one of possibilities, it may be considered to bundle multiple feedbacks for multiple TBs within one feedback, i.e., feedback bundling. With this optimization, the UE sends ACK if all SC-PTM transmissions are successfully received in a certain duration. Otherwise (i.e., even if only one SC-PTM is failed to decode), it sends NACK.  Alternatively, it may also be beneficial and efficient for only a subset of UEs in poor coverage, e.g., “RSRP < a configured threshold”, to send ACKs, while all UEs would continue send NACKs. With this alternative, the eNB may ensure the successful packet delivery of the most problematic UEs, without requiring all UEs to send ACKs in order to avoid excessive amount of overhead.  However, the ACK feedback may have some complexity, compared to NACK-only feedback, i.e., Proposal 6. For example, it may require the same level of control for Unicast, e.g., at least the eNB will need to know if any UE are located within the specified poor coverage region whereby ACKs would be sent, since the eNB may decide to perform retransmission when no ACK nor NACK feedback is received, if it’s based on the same principle as the Unicast’s feedback mechanism. 
As another optimization, if the NACK-only feedback is identified beneficial in Proposal 6, one of additional feedback could be considered for better link adaptation. For example, the UE may send the feedback to request the serving cell to keep the current MCS/repetitions. In other words, it’s sent when the UE expects it will not be able to decode the SC-PTM with higher MCS/lower repetitions. With the combination of NACK and this feedback, the serving cell may maximize the spectral efficiency without unnecessary reception failure, e.g., retransmission. 
Proposal 7 RAN2 should consider whether further optimizations are necessary for HARQ feedback, if time allows. 
2.3. Link adaptation and retransmission 
The link adaptation is basically up to NW implementations, whereby CSI feedback and HARQ feedback are assumed as inputs of the algorithm for Unicast scheduling. For the multicast scheduling, too much precise information such as CSI feedback may not be useless, since the channel conditions of multiple UEs are anyway different, i.e., the multicast transmission may not be optimized for a specific channel. So, HARQ feedback is enough for link adaptation, consistent with Proposal 2. On the other hand, the dynamic scheduling with PDCCH is still beneficial to align with the “group” condition varied time-by-time, which is also in-line with the agreement that “RAN2 assumes that the legacy SC-MTCH mechanism in which the SC-MTCH is scheduled by PDCCH is reused for multi-cast in NB-IoT and MTC to achieve flexible scheduling” [1]. 
With regard to the retransmission, HARQ feedback is the essential and direct information as well. Considering the asynchronous retransmission in DL, the dynamic scheduling with PDCCH provides the better handling of such a scheduling. Also, the NDI (New Data Indicator) in PDCCH avoids the duplicate receptions of SC-PTM when a UE already decode it successfully, i.e., the UE does not need to receive the retransmission for another UE. 
Observation 8 Dynamic scheduling of SC-MTCH, i.e., with (M/N) PDCCH, is beneficial, if the link adaptation and/or retransmission is assumed for SC-PTM. 
3. Conclusion 
In this contribution, the necessity of HARQ feedback for link adaptation and/or retransmission of SC-PTM was discussed. The past discussions are summarized as a background for the consideration. The details of feedback scheme are proposed on top of the analysis for multicast-specific feedbacks. In addition, the possibility of further optimizations of HARQ feedback and observations of link adaptation and retransmission are provided.  RAN2 is kindly asked to take into account the observations/proposals below: 
Observation 1
Link adaptation and retransmission are beneficial for better spectral efficiency.
Observation 2
Rel-13/14 studies reconfirmed the UL feedback has performance gains in terms of spectral efficiency and capacity, while the necessity of further study was identified.
Observation 3
The UE power consumption is degraded with inefficient retransmission, e.g., by relying on the application layer.
Proposal 1
RAN2 should decide to introduce the UL feedback and DL retransmission in AS layer as a multicast enhancement.
Proposal 2
RAN2 should assume HARQ feedback is used for link adaptation and/or retransmission of Rel-14 SC-PTM.
Observation 4
HARQ feedback from IDLE UEs without dedicated resources needs to be addressed.
Observation 5
The number of HARQ feedbacks increases with the number of UEs receiving SC-PTM.
Observation 6
HARQ feedback for multicast is not required to identify the sender UE.
Proposal 3
RAN2 should assume a common resource is allocated among multiple UEs for multicast feedbacks.
Observation 7
The UE-common resource may be depicted as Rel-13 PRACH resources per CE level or Rel-12 resource pool for sidelink, as the starting point.
Proposal 4
RAN2 should consider that HARQ feedback is transmitted in subframe n+4 to distinguish each transport block (or HARQ process), as it is done today.
Proposal 5
RAN2 should discuss whether each TMGI is distinguished by different signals, e.g., preambles, or different radio resources, e.g., feedback pools.
Proposal 6
RAN2 should discuss whether NACK-only feedback is beneficial to limit the number of HARQ feedbacks.
Proposal 7
RAN2 should consider whether further optimizations are necessary for HARQ feedback, if time allows.
Observation 8
Dynamic scheduling of SC-MTCH, i.e., with (M/N) PDCCH, is beneficial, if the link adaptation and/or retransmission is assumed for SC-PTM.
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