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Discussion and Decision
1
Introduction
In RAN1#86 meeting, it was agreed that 
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC
· Continue study at least the following: 

· Handling of potential collisions of MA signatures

· Retransmission/repetition and potential combining, e.g. HARQ

· Potential link adaptation, e.g. MCS/signature re-assigning

· Relationship between grant-free and grant-based transmissions and associated UE behavior

· Advanced receiver capabilities including complexity analysis
Based on these agreements, we propose potential link adaptation schemes for NR grant-free.
2
Discussion 
The flexibility of link adaptation for grant-free access is limited by its own nature of saving control overhead and reducing latency. However it is still worth to study it, considering the benefits provided by even limited link adaptation capability. For example, proper link adaptation can enable a low BLER, resulting in low retransmission rate and a reduced collision rate if still using grant-free for retransmission [1]. In addition, proper link adaptation can reduce the latency of transmitting an incoming packet, therefore again reduces the collision probability and/or avoids the operation of access mode switching [2]. 

In principle, the link adaptation is achieved based on the obtained channel state information. However for grant-free, which is used mostly for the intermittent small packet transmission in UL, UE might not able to get accurate UL channel status when transmitting UL data without TRP indication. In some cases, such as in long DRX or UE in connectionless [3], UE cannot receive any TRP indication on link adaptation. On the other hand, UE can at least obtain DL channel status through measuring DL reference signal, and then takes the measurement as a reference to determine link adaption parameters for UL grant-free transmission. However this kind of determination is obviously not accurate, and as a result, UE has to use conservative transmission parameters (e.g., MCS, etc) for UL grant-free transmission.
Proposal 1: Without TRP indication, the link adaptation for UL grant-free can refer to the measured DL channel status.
Based on the obtained information, UE decides the parameters like MCS, codeword number and the transmission power. Besides these parameters, the UE can autonomously determine the transmission granularity, i.e., the right size of MA physical resource [4], to be adaptive to the incoming packet size. It is noted that this kind of adaptation is beneficial that,
· UE uses low transmission granularity for short incoming packet, which avoids adding much padding bits and leaves more MA physical resources for other UEs;
· UE uses larger transmission granularity for large incoming packet, which leads to lower number of transmissions for the incoming packet and enables lower number of segmentations and therefore lower overheads, higher channel encoding gain and lower latency.
Based on these analysis, we have the following proposal,
Proposal 2: The link adaptation for grant-free shall be studied from the aspects of 
· MCS adaptation;

· Codeword adaptation;
· Transmission power adaptation;
· Transmission granularity adaptation
The link adaptation could be closely related with how TRP configures the MA resources. As one example, single set of values of (MCS, transmission granularity, codeword number) is configured by TRP together with MA resource configuration, and different values are configured for different MA physical resources. As a result, the link adaption for UL grant-free is achieved automatically by selecting a corresponding physical resource. This kind of adaptation eases the processing burden at TRP, but with even less link adaptation flexibility with possibly limited number of MA resources configured to UE. 
To increase the flexibility, the MCS level could be selected by UE within a configured set. Due to limited UL channel information, the number of MCS in the set shall be lower and the corresponding SNR gap between the MCS levels is higher than that in MCS table for grant-based transmission. The selected MCS can be carried in a separately encoded UL control channel.
The other alternative is to rely on TRP blind detection of the used MCS level, which however will incur much blind decoding effort, since TRP shall blind detect the modulation order then decode the data block using each candidate code rate. 
Proposal 3: The MCS level used for grant-free transmission could be selected from a predefined set. The selected MCS is indicated from a separate control channel or based on TRP blind detection. 
UE could determine a transmission codeword number based on the channel status. There could be a predefined maximum number of codewords that is used for grant-free transmission, for example up to 2 codewords. 
The MCS level for the first codeword is predefined or selected from a predefined set, as described in the above. The existence of the second codeword and/or its MCS level, are indicated by the information carried the in the first codeword.
Proposal 4: The number of codewords used for grant-free transmission can be up to a predefined maximum codeword number (e.g., 2). The first codeword carries information regarding the existence and/or the MCS level of the second codeword.
UE determines a transmission granularity based on the incoming packet size and the MCS level. There could be a preconfigured set of granularities for UE to select. The selected granularity is indicated through the dedicated control channel as in proposal 3, or can be based on TRP blind detection.  
Proposal 5: The transmission granularity for grant-free transmission could be selected from a preconfigured set. The selected granularity is indicated through a separate control channel or based on TRP blind detection. 
Based on analysis, it is observed that more flexible link adaptation can be achieved at the cost of e.g., more UE/TRP complexity and/or more signalling effort. We have the following proposal, 
Proposal 6: The link adaptation shall be studied taking the flexibility, UE/TRP complexity and the possible incurred signalling into consideration.
3
Conclusion
We have the following proposals on grant-free link adaptation for NR, 
Proposal 1: Without TRP indication, the link adaptation for UL grant-free can refer to the measured DL channel status.
Proposal 2: The link adaptation for grant-free shall be studied from the aspects of 
· MCS adaptation;

· Codeword adaptation;
· Transmission power adaptation;
· Transmission granularity adaptation
Proposal 3: The MCS level used for grant-free transmission could be selected from a predefined set. The selected MCS is indicated from a separate control channel or based on TRP blind detection.

Proposal 4: The number of codewords used for grant-free transmission can be up to a predefined maximum codeword number (e.g., 2). The first codeword carries information regarding the existence and/or the MCS level of the second codeword.

Proposal 5: The transmission granularity for grant-free transmission could be selected from a preconfigured set. The selected granularity is indicated through a separate control channel or based on TRP blind detection. 
Proposal 6: The link adaptation shall be studied taking the flexibility, UE/TRP complexity and the possible incurred signalling into consideration.
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