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Introduction
In RAN1 #86 meeting, terminologies and definitions on the MA physical resource, MA signature and MA resource are agreed as follows[1]: 
Agreements:
· 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 
  General scope of the study is identified as: 
Agreements:
· 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 the agreements, in this paper, we discuss relationship of the MA signature and DM-RS, which is used for channel estimation though is included in the MA signature for MUD(multi-user detection) and the corresponding feedback signaling method. 
Discussion on DM-RS and MA signature for MUD 
The philosophy of NoMA (Non Orthogonal Multiple Access) is to multiplex more UEs than the amount of orthogonal resources with the use of non-orthogonal (or quasi-orthogonal) resources, i.e. allowing some level of resource overlapping. In addition, dynamic and explicit scheduling grant from eNB is not expected for grant-free MA, and multiple UEs can share MA resources. Here, multiple UE sharing on the same MA physical resource cannot be identified as a collision, but multiple UE using the same MA signature should be understood as a collision. 
When considering collisions in NoMA with grant-free MA, we have to think about two different types of MA signature collision, i.e. collision of DM-RS and MA signature, which is used for channel estimation and to carry data channel, respectively. If multiple UEs use the same DM-RS, the data decoding generally fail with a very high probability. While multiple UEs use the same MA signature but they use different DM-RS, the data decoding may be successful depending on the data received power with the help of advanced receiver. Therefore, the effect of the collision of DM-RS and MA signature must be different. 
The collision probability depends on the size of resource pool and the relation of DM-RS and MA signature pool. The size of DM-RS resource pool (N) and signature (e.g. code, sequence, interleaver pattern, precoding matrix, or etc.) resource pool (M) that UE can use in a specific MA physical resource can be different and following mappings can be considered: 
· 1:1 mapping of DM-RS and each signature if N>=M
· n:1 mapping of DM-RS and each signature if N>=M
· 1:n mapping of DM-RS and each signature if N<M
· Random mapping of DM-RS and each signature 
On the other hands, considering data decoding process at the receiver side, it would be beneficial to match DM-RS resource and signature resource in order to reduce MUD complexity and we consider 1:1 mapping of DM-RS and MA signature. In other words, the receiver firstly detects DM-RS and performs channel estimation, and then tries to decode data using the channel estimation results. If a DM-RS is mapped to a specific MA signature, the receiver does not necessarily search to detect which MA signature is transmitted again as long as it detects which DM-RS is transmitted. 
Proposal 1: Mapping rules of DM-RS and MA signature should be studied. 
Proposal 2: 1:1 mapping of DM-RS and MA signature is considered. 
Discussion on ACK/NACK signalling and HARQ support 
In gran-free UL transmission, DL feedback signaling on the UL transmission is somewhat challenging if the receiver fails to decode the received data because it is hard to identify who made a transmission of the data on the specific MA physical resource since UEs are allowed to transmit data without grant. In addition, since MA signature and DM-RS are randomly selected by UEs at every data transmitting instance, decoding failure happens due to MA signature collision not only because of lack of received energy. Different solutions should be applied to resolve decoding failure depending on the cause of the failure, i.e. caused by collision or lack of energy. If it is caused by collision, eNB should command reselection of MA signature in order to avoid MA signature collision and if it is caused by lack of energy, eNB should command UL transmission power boosting and HARQ combining can be enabled in this case. 
As long as the receiver is able to identify who made a transmission even though it fails to decode the data and the reason of data decoding failure, DL feedback signalling can be delivered with the proper command. We propose utilize DM-RS detection and channel estimation results assuming 1:1 mapping of DM-RS and MA signature. DM-RS detection probability is expected better than MA signature detection probability, due to DM-RS is solely transmitted with the known sequence while MA signature is carried by random data. In other words, if channel estimation is inaccurate, then data decoding cannot be succeeded. 
Basic feedback mechanism is to signal A/N information on the MA signature and pre-configuration on the MA signature set on a specific MA physical resource is assumed. Table below shows the whole A/N signalling and other feedback mechanism we have in mind. UE ID or related information can be carried with the data. Channel estimation performance depends on the level of received energy of DM-RS, if the received energy is greater than a threshold, then channel estimation is expected rather accurate but if it is lower than a threshold, the channel estimation result is too inaccurate to succeed the data decoding. When the received data decoding fails, based on the DM-RS received energy level the receiver can decide whether the decoding failure is caused by MA signature collision or lack of received energy. 
	Data decoding 
	eNB feedback 

	Success 
	(1) ACK signalling on the decoded MA signature index 
· UE identification information can be delivered together in order not to cause confusion just in in case multiple UE may transmit data with the same MA signature index 

	Failure 
	Due to collision (when DM-RS received energy is greater than a threshold)
	(2) NACK signalling on the detected MA signature index
· MA signature reselection command
· No HARQ combining

	
	[bookmark: _GoBack]Due to lack of energy (when DM-RS received energy is less than a threshold)
	(3) NACK signalling on the detected MA signature index
· Retransmission command keeping MA signature index 
· HARQ combining can be enabled
· Power control command 

	Failure 
	Due to collision or lack of energy 
	(4) NACK or DTX to all other MA signature index 


Observation: Data decoding failure can be caused by several reasons, mainly because of MA signature collision and lack of received energy.
Proposal 3: Efficient and appropriate feedback signaling method should be studied. 
Summary
In this document, we discussed on the feedback signalling including ACK/NACK, MA signature reselection and power control command considering collisions in grant-free MA. Followings are our proposals and observation: 
Proposal 1: Mapping rules of DM-RS and MA signature should be studied. 
Proposal 2: 1:1 mapping of DM-RS and MA signature is considered. 
Proposal 3: Efficient and appropriate feedback signaling method should be studied. 
Observation: Data decoding failure can be caused by several reasons, mainly because of MA signature collision and lack of received energy.
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