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Introduction
[bookmark: _Ref178064866]NR should support different types of services having different latency requirements and/ priorities (e.g. URLLC and eMBB services). This is achieved by supporting different transmission durations, i.e., mini-slot or slot transmission. 
In this contribution we discuss features that are needed for supporting high reliability.
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In the following we discuss a list of enablers for high reliability data transmission.

Transmitter and receiver antennas
Higher reliability in data transmission can be achieved by additional diversity gain through using larger number of transmitter or receiver antennas. A high reliability UE is expected to be high end UE that can naturally support multiple transmitter or receiver antennas. A potential enhancement for support of higher reliability is 2 or 4 transmitter antennas or 4 receiver antennas at the UE. 
UE with 2 or 4 TX antennas and 4 RX antennas can be considered for higher reliability

Configuration of code rates to support higher reliability
In [On MCS/transport Block Size Determination] we are discussion and propose how to determine the MCS and TBS table for NR for both PDSCH and PUSCH. For illustration purposes the proposal for UL is given here, but the proposal is symmetric so it is similar for DL, it is only the parameters about the overhead would need to related to the DL overhead and the channel it applies for is of course PDSCH and not PUSCH.
For , the UE determines the TBS based on, for example,

where
·  is number of layers the codeword is mapped onto
·  is the number of REs per PRB per slot/mini-slot available for carrying the PUSCH.
As discussed in the above,  is assumed to be 144 in LTE. For NR to support various slot/mini-slot/PUSCH lengths, a more flexible framework for  is to be used. One or more of the following components can be considered:
· A default  value may be defined in specs and can be applicable to, e.g., system information, paging and random access reply transmissions. For this purpose,  can be considered for 14-OS slot and  can be considered for 7-OS slot.
· Some default  values for different PUSCH transmission lengths can be specified in the specification.
· The network can configure the UE to apply a specific  to the PUSCH.
· The network can configure a set of  values (e.g., four values) to the UE. The DCI then contains an index to instruct the UE to apply one of the pre-configured   value for the current PUSCH.
· If code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a   value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.
Assuming the proposal for TBS/MCS is adopted, if code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a ,  value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.

Transmission profiles
It has been agreed in RAN2 that:
For LCP and to know which restrictions to use the MAC needs to be aware of more information than just TTI length (e.g. numerology). An abstraction based on index or profiles can be supported.   Exact parameters are FFS. 
The approach in RAN2 is to define transmission index/profiles for the UL, such that LCPs map to given profiles, which would be RRC configured. Multiple LCP could be mapped to the same profile or a single LCP can be mapped to one profile. Currently there are 8 LCPs defined within RAN2. From a RAN1 point of view it would be good to consider this in our design from the start and inform RAN2 about the applicable setup that can be envisioned from RAN1. From a physical layer perspective, the gNB can set the number of symbols for PUSCH together with its applicable MCS, TBS, etc. In general, the MCS, TBS, etc. can be signalled separately, and to minimize the DCI overhead and also to increase reliability some of these variables can be RRC configured.  In that sense, the gNB could select the applicable settings that are suitable for a given profile and hence the UL grant would only need to indicate the associated profile with the specific transmission. The transmission profile can be used to target service with different reliability, latency and throughput constraints as an example. It is therefore a good edition to NR compared to the current LTE to also be able to support high reliability service and can be reused for this purpose. We discuss some details related to this in ‎[1]
Transmission profile/index will be specified until December 2017 as part of the general NR framework
Repetition with K-factor
[bookmark: _Hlk485375947]It has been agreed that “for an UL transmission scheme with/without grant, K repetitions including initial transmission (with the same or different RV and FFS with different MCS) (K>=1) for the same transport block are supported”. Multiple transmission attempts allowing for high reliability can then be achieved in a shorter time compared to feedback-triggered retransmission.
Compared to a longer transmission of UL data, repetition of same transport block enables faster decoding


High reliability Feedback for SPS/grant-free transmission

In UL SPS/grant-free transmission with SkipUplink being configured in NR, the network (gNB) does not expect a transmission in every resource specified by the configured grant, and thus does not react if a transmission is not detected at gNB. Therefore, no feedback from the network can imply either ACK or that the transmission was not detected in gNB. Resorting only to the UL grant for retransmission would bring an ambiguity to the transmitter (UE). This may be undesirable, as it leads to data loss depending on the high layer configuration of the UE. Such an error case can be recovered by higher layers but at the cost of increased latency. But it is undesirable for data with high reliability requirement, such as URLLC data.
One mitigation mechanism is to enforce the transmission of ACK feedback for each UL data transmission. Consequently, if no feedback is received within the configurable feedback time T, then UE considers that the transmission is not successful and should retransmit the packet. 
For UL data transmission without grant, a reliability enhancement feedback mode is introduced: UE waits for ACK feedback and assumes NACK if no-feedback is received.
This new mode of SPS feedback may lead to resource inefficiency. For instance, the ACK feedback would need to be sent for most of the UL transmissions, since the BLER is low. And if the ACK is lost, then a redundant retransmission is triggered. However, this may be motivated for packets that requires a very high reliability but in general has a lower traffic rate. 

Conclusion
In section 2 we made the following observations:
1. Transmission profile/index will be specified until December 2017 as part of the general NR framework
Compared to a longer transmission of UL data, repetition of same transport blocks enables faster decoding

Based on the discussion above, we propose the following for inter-UE UL puncturing:
1. UE with 2 or 4 TX antennas and 4 RX antennas can be considered for higher reliability
Assuming the proposal for TBS/MCS is adopted, if code rates lower than those available in the MCS table are found to be necessary for a specific use case (e.g., URLLC), the network can configure/select a ,  value that is substantially lower such that the allocated resources are used to carry a substantially smaller TB.
For UL data transmission without grant, a reliability enhancement feedback mode is introduced: UE waits for ACK feedback and assumes NACK if no-feedback is received.
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