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Discussion and Decision
1
Introduction
In RAN1#85 meeting, regarding multiple access for NR, it was agreed that [1]:
· Autonomous/grant-free/contention based UL non-orthogonal multiple access has the following characteristics

· A transmission from UE does not need the dynamic and explicit scheduling grant from eNB

· Multiple UEs can share the same time and frequency resources

· For autonomous/grant-free/contention based UL non-orthogonal multiple access, the following should be studied

· Collision of time/frequency resources from different UEs, solutions potentially including 

· E.g., code, sequence, interleaver pattern

· UL synchronization (DL synchronization assumed)

· Case 1: Timing offsets between UEs are within a cyclic prefix

· Case 2: Timing offsets between UEs can be greater than a cyclic prefix, FFS the exact model of timing offsets 

· Requirement for power control

· Case 1: Perfect open-loop power control, i.e., equal average SNR between UEs for potentially link level calibration
· Case 2: Realistic open-loop power control with certain alpha and P0 values
· Case 3: Close-loop power control

· Receiver impact
This contribution discusses collision handling and proposes solutions for contention based access.
2
Discussion 
As agreed in [1], for contention based UL non-orthogonal multiple access, multiple UEs can share the same time and frequency resources. For different CB access schemes, the type of collision is different.
· Spreading based CB access: collision in both code and T/F resource domain
· Non-spreading based CB access: collision in T/F resource domain
For collisions in both type of CB access, we consider the collision handling from the aspects of resource assignment and selection, the receiver capability, the resource reselection in retransmission and the spreading code selection.
2.1
Resource assignment/selection
The network decides the size of the resource pool for contention based access. With a given resource pool, the collision probability depends on both traffic density and the amount of transmission chances the configured resource pool can provide. Generally, the collision probability is proportional to the traffic density while inverse proportional to the amount of the transmission chances. The decision from network shall find a trade-off between the collision probability and the resource usage.
For contention based transmission, two options can be considered for resource selection. One option is, once the data comes, UE can use all the resources in the resource pool for transmission. As another option, the resource pool can be further divided to be multiple resource units. The resource unit(s) used for CB transmission from each specific UE is based on UE selection. It is noted that for a give resource pool, the lower the resource unit size, the lower collision rate can be achieved. However lower resource unit size might mean higher transmission latency. To achieve a balance between the collision probability and transmission efficiency, the TRP can configure a set of transmission granularities for UE select, each of which is corresponding to a certain number of resource units. Normally the longer (shorter) the incoming data packet, the higher (lower) transmission granularity will be selected by UE. 
Another means for the control or even the avoidance of collision is a feedback channel from the TRP to the UE with the capability to prevent a UE from sending its data packet and/or to distribute data packets equally among the available CB resources as proposed in [2]. Here it is assumed that UEs firstly send preamble sequences prior to data transmission. The feedback then relates to the detected preambles. As one example, the feedback can indicate a specific CB resource to be used for data transmission.
From the above discussion, it is proposed as
Proposal 1: Means to control the collision probability on CB transmissions should be studied, e.g. through resource pool allocation, different granularity of CB resource units, and introduction of a feedback channel from the TRP to the UE with the capability to avoid or distribute the data packets equally among the CB resources.
2.2
Receiver capability on collision handling 
When data packets collide, there is the possibility for the receiver to distinguish the collided packets and successfully decode the packets. This however, depends on the channel status, channel orthogonality, receiver algorithm, etc.

For both spreading and non-spreading CB access, when collision happens, the receiver might recover the signal from different UEs by using advanced receiver, e.g., SIC based receiver. Besides, it is noted that LTE UL MU-MIMO is a kind of non-spreading based transmission with multiplexing in spatial domain. It is based on receiver capability to recover the signals with orthogonal DMRS transmission from different UEs.

Based on the above discussion, presence of MUD and advanced receiver for CB access should be investigated, where the capability of collision handling should be taken into account for contention based access schemes.
Proposal 2: Advanced receiver capabilities for MUD should be investigated for the design of contention-based multiple access schemes.
2.3
Resource reselection in retransmission
When a collision happened and the UE does not receive an ACK from the TRP, a retransmission needs to be triggered. The procedure for retransmissions for contention based access in general is described in [3]. To avoid further collision during retransmission, the resource reselection scheme should be designed to guarantee low collision probability for the retransmission(s). A good back-off scheme will provide a balance between transmission latency and collision probability.

The following back-off scheme can be considered, as examples shown in Figure 2:

· Same time offset for both UEs but different frequency hopping pattern as in [4]
· Time-window based transmission for back-off without frequency hopping, i.e. both UEs have different time offsets
· Time-window based transmission + frequency hopping, i.e. combination of both abovementioned options
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Figure 2. backoff differentiate in frequency and/or time domain
Besides the collision resolution itself, the application of both time-window transmission and frequency hopping provide additional degree of diversity that could eventually be exploited for soft combining of both transmissions.
Proposal 3: Collision resolution through retransmissions based on random or configured frequency hopping and/or back-off in time domain should be considered.
2.4
Collision handling in code domain
For spreading based CB access [5], collision in code domain can be alleviated by having UE select a spreading code from a large spreading sequence pool. This can be achieved by using longer spreading sequence, leading to more available spreading sequences. Furthermore, non-orthogonal low correlation sequences can be used for spreading, which boosts the number of spreading sequences for UE selection, therefore enables low sequence collision rate.
As an example, if ZC sequences are used for spreading, then the sequences corresponding to different cyclic shifts with the same root sequence or cyclic shifts with different root sequences but with low-correlation value can be utilized for spreading. Then the total number of spreading sequences will be NZC * (NZC-1), where NZC is the length of the ZC sequence. Considering more sequences used for spreading, totally (NZC-1) times of transmission chances will be provided compared to that when only using orthogonal spreading sequences.

In this case, the collision should be called as low-correlation collision, which could be handled by the MUD receiver, as discussed in section 2.2.

Proposal 4: Low-correlation spreading sequences should be studied for contention based transmission, to reduce the collision probability.
3
Conclusions
In this paper, collision handling for contention based access is discussed and we propose the following for contention based access in NR:
Proposal 1: Means to control the collision probability on CB transmissions should be studied, e.g. through resource pool allocation, different granularity of CB resource units, and introduction of a feedback channel from the TRP to the UE with the capability to avoid or distribute the data packets equally among the CB resources.

Proposal 2: Advanced receiver capabilities for MUD should be investigated for the design of contention-based multiple access schemes.
Proposal 3: Collision resolution through retransmissions based on random or configured frequency hopping and/or back-off in time domain should be considered.
Proposal 4: Low-correlation spreading sequences should be studied for contention based transmission, to reduce the collision probability.
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