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1 Introduction

At the RAN1 #86 meeting, the following agreements were made regarding UL non-orthogonal multiple access (NOMA) and UL grant-free transmissions [1]:

· NR should target to support UL non-orthogonal multiple access, in addition to the orthogonal approach, targeting at least for mMTC.
· NR should target to support UL “autonomous/grant-free/contention based” at least for mMTC.
In addition, the following agreements were made with respect to the definition of MA resource and MA physical resource [1]: 

· A MA physical resource for “grant-free” UL transmission is comprised of a time-frequency block

· Note: spatial dimension is not considered as a physical resource in this context

· A MA resource is comprised of a MA physical resource and a MA signature, where a MA signature includes at least one of the following:

· Codebook/Codeword

· Sequence

· Interleaver and/or mapping pattern

· Demodulation reference signal

· Preamble

· Spatial-dimension

· Power-dimension

· Others are not precluded

· Details on MA physical resource and MA signature resource FFS 
For the case of grant-free UL transmissions, one important aspect is the determination of MA resource for UL transmissions. In this regard, RAN1 made the following agreements during the RAN1 #86 meeting [1]:
· At least the following options for “autonomous/grant-free/contention based” UL transmission should be studied

· Opt. 1: a UE performs random resource selection

· Details FFS

· Opt. 2: a UE’s resource is pre-configured by eNB or pre-determined

· Details FFS

· Other options are not precluded

It was also agreed to further study at least the following [1]:

· 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

In this contribution, we present our views on the support of different MCS/TBS for grant-free UL NOMA transmissions, UE-autonomous link adaptation for initial transmission, link adaptation mechanisms during retransmissions including MCS, number of repetitions, transmission power, etc. 
2 Support of different MCS, TBS, coverage levels for grant-free UL NOMA
Four core components of link adaptation include choice of MCS, TBS number of repetitions, and transmission power. For a system supporting grant-free UL transmissions and potentially catering to a variety of UEs with different traffic demands and in varied coverage conditions (including enhanced coverage support, e.g., mMTC), it is important that the system can support different MCS/TBS/coverage levels.

Different approaches can be considered to achieve the above objective. Some of these are discussed next.

MCS/spectral efficiency-based resource partitioning

For this approach, the MA resource pool can be partitioned, or, in other words, multiple MA resource pools may be configured according to different MCS levels or repetitions used for the UL transmissions. As discussed in [2], such resource pool based partitioning can help simplify the BS receiver implementation at the cost of reduced statistical multiplexing gains. Thus, a limited amount of partitioning should be performed following this approach to realize maximal gains from UL NOMA schemes.

Indication by MA signature

An alternative is to indicate the transmission parameters like MCS/TBS/repetitions/coverage level to the BS via the MA signature or a part of it. Depending on the nature of MA signature, it may be possible to convey such information to the BS so that the BS can be aware of this information upon detection of the MA signature. For instance, MA signature based on preamble or DM-RS may be appropriate for such functionality as the preamble or DM-RS sequence can be used to encode such information. 
Same MCS but different TBS or same MCS/TBS but different number of repetitions (i.e., different MA physical resource sizes)
Different TBS values can be supported while maintaining a common MCS based on resource mapping to different number of PRBs or time-domain resource units (RUs) with partial overlaps. 

Another variant of the above approach is to support a common MCS/TBS but different “effective MCS” via support of different number of repetitions to target UEs in varied coverage conditions. Thus, transmissions with different number of repetitions can be multiplexed within a single MA resource pool such that they partially overlap with each other. The resulting complexity at the BS receiver can be kept in check with appropriately constraining the partial overlaps so as to realize nested relationships between transmissions using different number of repetitions. 
Same MA physical resource size but different MCS values
This approach can benefit advanced receivers like MMSE-SIC, especially with unequal received power at BS receiver, and thus, may be considered in conjunction with power-domain NOMA transmissions. 
 Proposal 1

· Different options for support of different MCS/TBS/repetition levels should be further considered for designing systems with grant-free UL NOMA transmissions. 

3 Link adaptation for grant-free UL transmissions
Based on the discussion in the previous section, we consider the case wherein different MCS and number of repetitions are supported in the system. Thus, a UE, unless already pre-configured, would need to determine the suitable choice of MCS and number of repetitions depending on the channel conditions for the initial transmission itself. This can be achieved by means of UE-autonomous link adaptation mechanism whereby the UE selects the MCS and/or the number of repetitions based on DL measurements (e.g., DL pathloss/RSRP). 

The initial choice can be further updated in case the initial transmission fails based on link adaptation during retransmission attempts. 

Thus, for every set of K attempts, the transmission characteristics like MCS/RV/repetition level/MA physical resource size can be adjusted according to an adaptive retransmission scheme, where K can be a predefined or configured parameter (configured by the BS on a per coverage level or resource pool basis). For instance, the repetition level can be increased every K attempts to improve the robustness and link-budget of the subsequent retransmission attempts. Also, the UE may choose a lower MCS or larger MA physical resource size (e.g., in scenarios wherein partial overlaps within a resource pool are supported) for retransmission to further improve the link budget.

Additionally, the transmission power can also be adapted during retransmissions. Thus, the UE can initially transmit with transmission power based on configured parameters for open loop power control (OLPC) mechanism based on the measured DL pathloss. Subsequently, power ramping can be applied every K_P retransmission attempts where K_P can be a higher layer-configurable or specified parameter.
Proposal 2
· In case of UE-autonomous selection of transmission parameters for grant-free UL transmission, the initial transmission parameters like MCS, number of repetitions, transmission power can be determined based on DL pathloss measurements. 

· Subsequent link adaptation involving adaptation of one or more of the MCS, number of repetitions, MA physical resource size, and transmission power during subsequent retransmissions should be supported to improve the reliability of grant-free UL transmissions.
4 Resource pools for retransmission attempts
If power ramping or repetition level ramping or adjustments to MCS are supported for retransmissions as discussed in the previous section, the MA resource for retransmission may be drawn from a pool of resources that is independent from the prior transmission. Such consideration may be beneficial in order to avoid detrimental effects of near-far effects due to drastically different transmission power levels or require more complicated receiver implementation to handle overlaps of different MCS or repetition levels. 

Therefore, different MA resource pools may be configured corresponding to the transmission power (e.g., different resource pools for UEs transmitting with maximum transmission power and those using power control), or the coverage or repetition level (which can be determined based on DL measurements). Thus, the MA physical resource selected for retransmission should be from the appropriate MA physical resource pool, if retransmissions use different transmission parameters like power control, number of repetitions, or MCS.

Note that, even in such cases, synchronous HARQ [3] can still be supported by defining the appropriate mapping of the MA physical resource index from resource pool used for prior transmission to the resource pool used for the subsequent retransmission.
Proposal 3:

· MA physical resource selected for retransmission should be from the appropriate MA physical resource pool, if retransmissions use different transmission parameters like power control, number of repetitions, or MCS. 
5 Conclusions

In this contribution, we presented several considerations related to the support of different MCS/TBS for grant-free UL NOMA transmissions, UE-autonomous link adaptation for initial transmission, link adaptation mechanisms during retransmissions including MCS, number of repetitions, transmission power, etc. Based on the discussion presented, we summarize the key points through the following proposals:
Proposal 1

· Different options for support of different MCS/TBS/repetition levels should be further considered for designing systems with grant-free UL NOMA transmissions. 

Proposal 2

· In case of UE-autonomous selection of transmission parameters for grant-free UL transmission, the initial transmission parameters like MCS, number of repetitions, transmission power can be determined based on DL pathloss measurements. 

· Subsequent link adaptation involving adaptation of one or more of the MCS, number of repetitions, MA physical resource size, and transmission power during subsequent retransmissions should be supported to improve the reliability of grant-free UL transmissions.
Proposal 3:

· MA physical resource selected for retransmission should be from the appropriate MA physical resource pool, if retransmissions use different transmission parameters like power control, number of repetitions, or MCS. 
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