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Discussion and Decision
1 Introduction

In RAN2#95bis, it was agreed that –

· In Rel-14 we will not have a solution with feedback –

However, physical-layer feedback may still be supported. Given that SC-PTM may be required to support transmissions that require a high degree of reliability, e.g. firmware upgrades, some options for UEs to provide feedback that do not impact RAN2 are still desirable. In this contribution, we consider SC-MTCH transmission reliability and feedback.

2 SC-MTCH Reliability and Feedback
Some use cases for SC-PTM such as firmware upgrades require a high degree of reliability. In addition, because SC-PTM is transmitted to UEs in idle mode, the eNB does not have channel information related to the UEs that will be receiving the service. Thus, to ensure reliable reception, the network has several choices –
· Use conservative MCS level and number of repetitions, and target low BLER. The associated overhead with this technique is high because reliable reception at the worst UE is targeted. However, if the data size is small or transmission is very infrequent (e.g. firmware update once a month), then there is marginal impact to overall system performance.
· Transmit several bundles or groups of the same transport block, with bundle containing a fixed number of repetitions. UE can accummulate as many repetitions as needed to decode the transport block. All the bundles of one transport block are transmitted before beginning transmission of the next transport block. Note that this option also provides time diversity gain since the bundles are discontinous. This time diversity gain can be significant (e.g. 2-3dB) at low BLER. Since NB-IoT UE can only support one HARQ process at a time, sequential transmission of transport blocks is necessary and this will increase the time to acquire the data for UEs in good coverage. However, it can be considered whether multiple HARQ processes can be supported to allow for interleaved transmission of transport blocks.
· Support ACK/NACK feedback by the UE. This allows the eNB to target more aggressive MCS level or number of repetitions and rely on retransmission to ensure correct reception at the UE.
Figure 1 illustrates SC-PTM performance and the required number of repetitions for each coverage level. For 1% BLER, 2 repetitions are needed for 144 dB MCL while 256 repetitions are needed for 164 dB MCL. This shows the significant increase in number of repetitions when the network does not know channel information related to the UEs and must target worst-case UEs. Furthermore, it can be seen that an additional 2-3 dB is needed to reach target BLER of 0.1% instead of 1%. Thus, it is very costly to use conservative NPDSCH number of repetitions.
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Figure 1. SC-MTCH (NPDSCH) performance.
As a result, it is more beneficial to consider transmitting multiple bundles as well as feedback. For example, link level results shows that using 2 bundle of 128 repetitions can improved performance by 1-1.5 dB compared to 1 bundle of 256 repetitions. Feedback can be used to indicate NACK which will allow the eNB to retransmit the packet. In the case of dynamic scheduling, it is also useful for link adaptation purpose as the eNB can adjust the MCS and number of repetitions for subsequent SC-PTM transmissions based on the feedback. Therefore, it is proposed to consider transmitting multiple bundles and/or feedback to ensure reliable SC-PTM reception.
Proposal 1: Consider transmitting multiple bundles of NPDSCH transmissions and/or enabling physical layer feedback to ensure reliable SC-PTM reception.
With respect to providing feedback for SC-PTM, RAN2 has agreed not to support higher layer feedback. An alternative is to introduce physical layer feedback. Since SC-PTM is supported only in IDLE mode, only NPRACH based feedback is feasible. In this case, a common NPRACH tone can be reserved by UEs to indicate NACK in response to failed reception of a SC-MTCH HARQ process. All UEs that failed to correctly decode the packet will use the same common NPRACH to indicated NACK. The eNB then would perform energy detection to determine whether it needs to retransmit the physical layer packet or not. In practice, it is expected that only few UEs will not receive the packet correctly. However, there may be a problem if the number of UEs is very large, e.g., large received power on the single tone causing receiver desensitization. In this case, eNB may allocate multiple tones for NACK, depending on the number of UEs in that subset, and make each UE randomly select a tone to spread the power.  
Proposal 2: UEs can be configured to provide NACK feedback via selected NPRACH resources.
Naturally, this feedback could be configured to be used by only a subset of UEs, e.g. NPRACH CE level 3. For instance, if the target coverage level is 164 dB MCL, 256 repetitions would be required to reach ~1% BLER as shown in Figure 1. UEs that are at 154 dB MCL requires only 16 repetitions and will therefore have a margin of more than 10 dB. Thus, it is not necessary to configure them to report feedback as they will mostly likely receive the packets correctly. Hence, it is proposed that only a subset of needs to be configured to provide physical-layer feedback to the network. This can be based e.g. on RSRP or equivalently the NPRACH level.
Proposal 3: Only a subset of UEs (e.g. based on RSRP or NPRACH level) needs to be configured to provide physical-layer feedback to the network.
3 Conclusions

In this contribution, we consider feedback for SC-MTCH transmission and make the following proposals –

Proposal 1: Consider transmitting multiple bundles of NPDSCH transmissions and/or enabling physical layer feedback to ensure reliable SC-PTM reception.
Proposal 2: UEs can be configured to provide NACK feedback via selected NPRACH resources.
Proposal 3: Only a subset of UEs (e.g. based on RSRP or NPRACH level) needs to be configured to provide physical-layer feedback to the network.
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