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1
Introduction
In RAN1#85 meeting, the characteristics of contention based UL non-orthogonal multiple access were agreed. RAN1 also agreed multiple aspects for contention based multiple access for further study. 
· 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 TRP
· 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
Based on these agreements, we propose transmission channel structure for contention based access.
2
Discussion 
As was agreed for contention based non-orthogonal multiple access, a transmission from UE does not need the dynamic and explicit scheduling grant from TRP, and multiple UEs can share the same time and frequency resources. Based on these, certain amount of time and frequency resources can be configured by TRP to multiple UEs for contention based access. We call these resources as a resource pool.
Different sets of UEs can be configured with different resource pools. Each resource pool is contended by the camped UEs for UL data transmission. The network shall efficiently control and adjust the size of resource pool according to the fluctuation of the traffic and the user density, in order to achieve low collision probability [1]. The resources in the resource pool might be scheduled for data transmission from schedule based UEs as well, if TRP knows the resources is currently spare. In addition, a UE might be configured with multiple resource pools to enable e.g., frequency hopping among the transmissions, collision handling by using different resource pool for initial and retransmission, and so on. 
Proposal 1: One or multiple resource pools can be configured to a UE that is configured with contention based access. Different sets of UEs can be configured with different resource pools.
One resource pool contains a certain number of OFDM symbols in time domain and a number of subcarriers in frequency domain. The resource pool structure may be different for different use cases, and also may be subject to UE capabilities, e.g. the bandwidth the UE supports. For example, for eMBB, a resource pool might contain one to multiple PRBs in frequency domain within one subframe. While for mMTC, it might contain one to a few subcarriers in frequency domain, and multiple TTIs in time domain.  
In essence, a resource pool can contain one or multiple resource units. It might not be needed to define any new type of resource unit size for contention based transmission, but reuse the resource unit from the scheduling based transmission. The resource unit size is different for different use cases. For eMBB, one resource unit can be one NR PRB, while for mMTC, the resource unit size is based on future definition. It is noted that in LTE NB-IoT [2], there were multiple UL resource unit sizes defined, each of which contains a certain number of subcarriers and a number of TTIs. 
Figure 1(a) and Figure 1(b) illustrate examples of resource pool structure for eMBB and mMTC, respectively. It should be noted these examples are for illustration only. The numerology for the resource unit, e.g., the subcarrier spacing, the symbol length, etc., are based on future definition.
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Figure 1(a) eMBB, one resource pool contains four PRBs from PRB#k to PRB#k+3,
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Figure 1(b) mMTC, one resource pool contains two resource units

We have the following proposal,
Proposal 2: A resource pool contains one or multiple resource units. The resource units may have different size in time and frequency for different use case, and might also include different numerology in terms of subcarrier spacing and symbol length.
If the UE has new data, it can start the transmission autonomously in the configured resource pool. Since TRP does not know the occurrence of data transmission, following issues might happen: 

· Issue1: TRP has to always detect the signals received in the resource pool, no matter whether there is contention based data transmission or not. This might incur high TRP detection effort, especially considering the intermittent transmission of data packets. 
· Issue2: TRP cannot use the resource pool for scheduled based transmission, which results in throughput loss. 
· Issue3: When there are collisions happening between transmissions from different UEs, it is very likely that TRP cannot separate and decode the signals from all UEs. In this case, the TRP does not know how many and which UEs have been collided on a certain resource unit. Therefore the TRP will not store any soft information and as a result soft information combination is not possible. 
To handle these issues, it is proposed that preamble is transmitted in the contention based transmission. The preamble is at least used to indicate a contention based data transmission. 
TRP will detect the preamble in the first step, and if detected, TRP will then try to decode the data signal. The preamble detection effort (typically correlation operation) is much lower than that for data signal decoding. If no preamble is detected, TRP may be able to schedule the data transmission in the resource pool. This is however, subject to the timing between the preamble and data transmission. If a preamble is detected while data block is not decoded successfully, TRP might store the soft information in order to do soft combination after receiving the retransmission.
Proposal 3: Preamble is transmitted in the contention based transmission. The preamble is at least used to indicate a contention based data transmission. 
More functions and capabilities of preambles should be studied.
· As one option, a preamble sequence is uniquely tagged to one specific resource unit. If the TRP detects this preamble sequence, it knows in which resource unit the data packet has been sent. More than one single preamble sequence may point to one and the same resource unit. 
· Preamble may be used for UE identification, if the TRP has assigned a fixed preamble sequence to the UE or a group of UEs.

· Preamble may also indicate the transmission parameters, e.g., MCS.
· Preamble may be also used to estimate the time offset in case the UE is not UL synchronized.

The benefits of such design can be observed from the aspects of e.g., collision avoidance, link adaptation, and so on. 
Proposal 4: Possible relationship between preambles and resource unit, the UE identification, MCS level, etc., shall be studied.  
Regarding the channel structure for preamble and data transmission, one option is that the preamble zone is placed within the configured resource pool. There could be a predefined multiplexing pattern between the preamble transmission and data transmission. One typical example is that the preamble zone occupies the first few OFDM symbols and is TDMed with data part in the resource pool. 

The other option is that the preamble zone is transmitted outside from the configured resource pool. The preamble zone occupies different TTIs and/or different bandwidth with those of the resource pool for data transmission. In this case, one single preamble zone for all configured resource pools is possible which may be more efficient in terms of resource usage.
Comparatively, option2 is more flexible for preamble transmission, but it needs more signalling overhead to configure the preamble zone. Beside, for both options, the transmission numerology, e.g., the subcarrier spacing for the preamble transmission can be different with that for data transmission. We have the following proposal,

Proposal 5: Two options of channel structure for preamble and data transmission are for further study,
· Opt.1: the preamble zone is placed within the configured resource pool.
· Opt.2: the preamble zone is transmitted outside of the resource pool. One common preamble zone for all configured resource pools may be applied.
3
Conclusions
We have the following proposals on contention based access design for NR –
Proposal 1: One or multiple resource pools can be configured to a UE that is configured with contention based access. Different set of UEs can be configured with different resource pools.
Proposal 2: A resource pool contains one or multiple resource units. The resource units may have different size in time and frequency for different use case, and might also include different numerology in terms of subcarrier spacing and symbol length.
Proposal 3: Preamble is transmitted in the contention based transmission. The preamble is at least used to indicate a contention based data transmission. 
Proposal 4: Possible relationship between preambles and resource unit, the UE identification, MCS level, etc., shall be studied.  

Proposal 5: Two options of channel structure for preamble and data transmission are for further study,

· Opt.1: the preamble zone is placed within the configured resource pool.

· Opt.2: the preamble zone is transmitted outside of the resource pool. One common preamble zone for all configured resource pools may be applied.
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