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1. Introduction
The following agreements related to UL grant-free transmission was made in the RAN WG1 New Radio (NR) ad hoc meeting [1].
	Agreements:
· For an UL transmission scheme without grant
· at least semi-static resource (re-)configuration is supported
· FFS: The resource configuration includes at least physical resource in time and frequency domain and RS parameters
· Higher-layer signaling could be similar to Rel-8 LTE SPS
· FFS: MCS
· RS is transmitted together with data
· channel structure of grant-based data transmission can be starting point


In this contribution, we discuss some remaining aspects for the transmission scheme option shown above and provide our views on them. Also we discuss HARQ-related aspects in UL grant-free transmission and show our views.
2. Discussion
2.1. Resource configuration aspects for grant-free transmission
From the agreements shown in Sect. 1, we understand that it needs to be discussed that whether physical resource in time and frequency domain and reference signal (RS) parameters are included in a semi-static resource (re-)configuration or not. We also understand that how to configure and/or signal MCS to UEs is for further study.
Regarding physical resource configuration in time and frequency domain for an UL grant-free transmission, at first we need to consider physical resource unit in a configuration and/or a signalling. Considering URLLC scenario such that ultra-reliable traffics from some UEs, which are transmitted by grant-based UL transmission, and low-latency traffics from other UEs, which are transmitted by grant-free UL transmission, occurs simultaneously, it would be beneficial to be able to multiplex grant-free and grant-based UL transmissions efficiently in time and frequency domain. The efficient multiplexing is desirable especially in lower frequency bands because bandwidths of such frequency bands would be relatively narrower than those in higher frequency bands even in 5G system. Also even in URLLC, there would be a scenario which has a lot of UEs in and out of network, where reserved physical resources for grant-free UL transmission are allocated discretely in time and frequency domain. Therefore it is desirable that physical resource unit in configuration for grant-free UL transmission aligns with that for grant-based UL transmission irrespective of whether it is included in semi-static resource (re-)configuration or not.
Observation 1: It is desirable that physical resource unit in configuration for grant-free UL transmission aligns with that for grant-based UL transmission in face of efficient multiplexing between them.
The next issue is where physical resource configuration including resource position, size and RS parameters is included for grant-free UL transmission. The three potential alternatives can be considered, i.e. 1) higher layer signalling such as RRC (re-)configuration, 2) lower layer signalling such as DCI for semi-persistent scheduling (SPS) in LTE, 3) it can be configured by both higher and lower layer signalling. This issue highly depends on URLLC scenario including deployment, radio frequency, traffic patterns, and mobility and so on. For example, if UEs are not “mobile” terminals but “fixed” terminals including remote control and wireless automation of production facilities, etc., channel conditions between the UEs and gNBs would be almost considered as static channels. In such cases short-term update of resource configuration is not essential and at lease long-term update of resource configuration by higher layer signalling would be sufficient. On the other hand, if UEs are “mobile” terminals under multipath environment in lower frequency bands, then the UEs need to transmit and receive data under the environment that pathloss between the gNBs and the UEs are changing and frequency selective channel fluctuations also occur. In such cases short-term update by lower layer signalling would be desirable to follow the pathloss change and channel fluctuation. Here, note that operation of lower layer signalling is fully conducted by a gNB scheduler. So when short-term update of resource configuration is not needed in some cases such as “fixed” terminals, then the gNB scheduler can update the resource configuration in a long period by utilizing lower layer signalling, which means that lower layer signalling such as DCI for SPS in LTE can includes higher layer signalling from the viewpoint of functional aspect itself. Therefore it is preferable that physical resource configuration is included in physical layer signalling, and that it can be included in higher layer signalling if the need is identified. The lower layer signalling might have a disadvantage in terms of reliability compared with the higher layer signalling. How to enhance the reliability in the lower layer signalling needs to be studied further.
Observation 2: The function of lower layer signaling such as DCI for SPS in LTE can include that of higher layer signaling in terms of resource configuration.
Proposal 1: It is preferable that physical resource configuration is included in physical layer signalling, and that it can be included in higher layer signalling if the need is identified.

Another issue is whether MCS is configured together with above-mentioned the physical resource configuration or other schemes are considered, for example it can be selected by UEs. It is straightforward that it is configured with the physical resource configuration. But this scheme is based on the assumption that more or less the same size of packets as the size assumed in advance continuously occur, and it has significant limitations. Considering the variety of future URLLC traffic, there might be a case that MCS should be selected by UEs independently from the physical resource configuration to control robustness toward channel fluctuation in UL grant-free transmission.
Proposal 2: How to configure MCS in UL grant-free transmission is studied further.
2.2. HARQ retransmission for grant-free transmission
The major purpose of UL grant-free transmission is to reduce latency from packet occurrence to initial HARQ transmission. Moreover not only the above-mentioned latency but also latency from the initial HARQ transmission to success of decoding at gNB sides should also be reduced in terms of overall latency reduction. After initial HARQ transmission for a transport block UEs can transmit consecutive transmission for the same transport block until it receives an ACK for the transport block from gNB. However if gNB could identify a UE which had transmitted the transport block but does not still decode it correctly, then the gNB can also increase physical resource in time and frequency domain and/or select lower modulation order for retransmissions of the transport block to reduce the number of retransmission of the transport block. It leads to reduction of latency from packet occurrence to success of decoding at gNB side.
Proposal 3: UL grant-based HARQ retransmission is also supported for UL grant-free HARQ initial transmission to reduce latency from packet occurrence to success of decoding at gNB side.
3. Conclusion
We discussed some remaining aspects for the transmission scheme option shown in Sect. 1 and provided our views on them. Also we discussed HARQ-related aspects in UL grant-free transmission and showed our views.
Observation 1: It is desirable that physical resource unit in configuration for grant-free UL transmission aligns with that for grant-based UL transmission in face of efficient multiplexing between them.

Observation 2: The function of lower layer signaling such as DCI for SPS in LTE can include that of higher layer signaling in terms of resource configuration.

Proposal 1: It is preferable that physical resource configuration is included in physical layer signalling, and that it can be included in higher layer signalling if the need is identified.
Proposal 2: How to configure MCS in UL grant-free transmission is studied further.
Proposal 3: UL grant-based HARQ retransmission is also supported for UL grant-free HARQ initial transmission to reduce latency from packet occurrence to success of decoding at gNB side.
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