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Introduction
NR is supposed to serve a wide range of uses cases, among others eMBB and Ultra Reliable Low Latency Communication (URLLC). It should also be possible to multiplex traffic types with different QoS requirement in the same carrier. In this contribution we discuss aspects that arise when serving Ultra Reliability Communication (URC) and eMBB in the same carrier.
Discussion
We can distinguish three error cases: 
1. A UE is scheduled but fails to detect PDCCH
2. A UE correctly detects PDCCH but fails to decode the data transmission, and 
3. A UE is not scheduled but falsely detects a matching PDCCH. 
If any of these error cases happens for an eMBB terminal this will not impact URC ongoing on the same carrier.
To guarantee that a DL URC transmission is received with sufficiently high reliability one must ensure that both PDCCH (in case of dynamic signaling) and PDSCH are transmitted reliable. This can be done using sufficiently robust MCS schemes, coding, and high degree of diversity. It is worth noting that to achieve a high reliability on the data transmission, the preceding control message must be received with an even higher reliability. To reach this high reliability with one PDCCH or data transmission is challenging and repetitions in time, frequency, or spatial domain, may therefore be necessary.
Observation 1	A high reliability of both the data (PDSCH) and the associated control channel (PDCCH) is required to reach high total reliability, achieved through coding or diversity.
CRC check error
Downlink
The third error case above (A UE is not scheduled but falsely detects a matching PDCCH) can however not be avoided by robust transmissions. In LTE a UE tries to detect control channels over several possible hypothesis and if it finds a candidate where the CRC checks the UE considers the PDCCH addressed to itself. If no PDCCH has been transmitted on the decoded resources the likelihood the UE falsely interprets noise as PDCCH depends on the CRC length. For a CRC with length  the false alarm rate can be approximated by ; for  the false alarm rate becomes  In LTE, the UE searches for matching PDCCH over several different candidate positions as well as over several differently scrambled CRC; if the UE tries in total  different decodings the false alarm rate increases roughly by a factor  (assuming small ). If the “decoded” PDCCH contains a DL assignment the UE tries to decode the data and will fail. Depending on if HARQ is applied, and on details of the HARQ protocol, this wrongly decoded PDSCH may corrupt the UE soft buffer. If, for a subsequent true transmission, the soft buffer content is combined with the new transmission this likely leads to a decoding failure. Also, if a UE stops monitoring for DL assignments after it has received one, it might miss a true DL assignment.
Whether these issues pose a true problem for URC depends very much on details of PDCCH design and HARQ operation and need further study. A simple remedy – if required – could be an increased CRC for URC DL assignments and/or specifying that a UE cannot stop decoding DL assignments early.
Observation 2	A false detection of PDCCH may lead to missed PDCCH and corrupted data.
Uplink
Also in uplink the above three error cases can occur. Again, robustness of true UL transmissions can be increased by using robust MCS, code rate, and diversity for the UL grant as well as the UL transmission.
The effect of a falsely detected UL grants is two-fold: If a UE stops searching for UL grants after it has received one UL grant it might miss a true UL grant. The transmission based on a wrongly detected UL grant may also disturb other UL transmissions. 
The problem of a UE missing a true UL grant due to a falsely detected UL grant can be mitigated by increased CRC of UL grants and/or specifying that a UE cannot stop decoding UL grants early.
An UL transmission based on a wrongly detected UL grant can happen for both eMBB and URC terminals and the victim transmission can in both cases be either an eMBB UL transmission (not different from today) or an URC uplink transmission with high reliability demands. A CRC of length  provides false detection probability of  for a single decoding attempt and even higher probabilities if UE tries to decode multiple candidates. This error rate is too high given the requirements of 10-5 for Reliability [1].
Increased CRC length
DCI with URC UL or DL assignments could apply longer CRC – this might anyway be needed for other reasons as well – to mitigate this error case. The same solution could of course also be applied to DCIs with eMBB UL or DL assignments. Drawback of such a solution is that control channel load would increase with larger CRC for all eMBB assignments. Furthermore, from UE implementation perspective it might be preferable to have same CRC for UL and DL assignments increasing control channel load even further.
Observation 3	An increased CRC length may be required for DCI for URC transmissions.
Split frequency bands
Another possible solution would be to split the UL carrier bandwidth into two separate regions, one for eMBB and one for URC. An eMBB terminal is only allowed to transmit within the eMBB region of the carrier. Any UL grant pointing to resources outside the eMBB region is discarded. By that a regular CRC can be used for eMBB UL grants since any wrongly detected UL grant pointing into the URC region is discarded. 
NR is likely to support UEs not supporting the complete carrier bandwidth, i.e. functionality is probably defined configuring a UE with a part of the carrier bandwidth. Similar functionality can be reused to configure a UE with the eMBB share.
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Figure 1: The UL carrier bandwidth is separated into an eMBB region and an URC region. eMBB terminals are only allowed to transmit in the eMBB region.
A drawback of this solution is that the carrier might be underutilized if e.g. more eMBB resources would be needed than reserved on the eMBB share and the URC share is underutilized. This could be mitigated by allowing eMBB terminals to use the URC share as well if scheduled with DCI UL grants providing for low false detections. Low false detections could either be achieved by a longer CRC (but as said before this might not be the preferred solution for eMBB terminals). Another possibility is to schedule an eMBB terminal twice with the same UL grant and only if the eMBB terminal receives both UL grants it can transmit on resources in the URC region. The likelihood an eMBB terminal falsely confuses two noise signatures as the same UL grant is very low.
Conclusions
In this paper we discuss several aspects related to Ultra Reliable Communication and highlight issues related to falsely detected DL and UL assignments. We observed that:
Observation 1	A high reliability of PDCCH is required to reach high total reliability, achieved through coding or diversity.
Observation 2	A false detection of PDCCH may lead to missed PDCCH and corrupted data.
Observation 3	An increased CRC length may be required for DCI for URC transmissions.

Based on this we propose the following
· NR design not targeting URC should be design so that it does not interfere with URC transmissions
· Study further mechanisms to ensure this
References
[bookmark: _Ref458160784][bookmark: _Ref458615491][bookmark: _Ref462310565]TR 38.913 V1.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Study on Scenarios and Requirements for Next Generation Access Technologies; (Release 14)

image1.png
GIpImMpUEq





