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1	Introduction
In the previous two meetings, the agreements on contention based multiple access were achieved:
Agreements: [RAN1 84bis chairman’s notes]
· Non-orthogonal multiple access should be investigated for diversified NR usage scenarios and use cases
· At least for UL mMTC, autonomous/grant-free/contention based non-orthogonal multiple access should be studied
Agreements: [RAN1 85 chairman’s notes]
· 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
· [bookmark: OLE_LINK11]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
In this contribution, we provide further consideration on basic procedures in support of contention based (CB) UL non-orthogonal multiple access, which covers several aspects as follows:
· Basic procedure for CB access enabling and disabling
· Procedures for switching between CB access and schedule based transmission
· Link adaptation related procedure including MCS assigning and power control
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]2	Discussion on CB access related procedures
2.1			Basic procedure for CB access enabling and disabling 
With UE autonomous transmission, CB access can effectively reduce packet delivery latency on the air interface and also save signalling overhead compared with legacy UL schedule based transmission. 
For CB access in general, it is fundamental to firstly study a basic procedure for network to effectively manage all the available radio resource for CB access and access density from contending UEs. The basic procedure should satisfy certain reasonable requirements as a starting point to initiate, which include at least:
- RRC_CONNECTED mode can be assumed firstly and UE operating UL CB access can be configured with long DRX period. Other options are not precluded, e.g. CB access can be designed to work in IDLE or newly possible defined RRC states, which needs supports from certain higher layer mechanisms to enable the packet delivery.
- UE should be aware of the useable allowed radio resource, which could be configurable by TRP.
- From the network side, the receiver complexity and collision probability should be manageable in a way that the access density in a certain period should be limited, and the TRP takes control on the resource allocation and adjustment, e.g. triggering and disabling CB access for certain groups or all the UEs. To ensure the system stability and flexibility, although TRP does not dynamically grant the UL transmission, the resource allocation should be adaptive or adjustable according to the fluctuation of the traffic and users loading status [1].
- The basic resource management procedure should meet different requirements for the NR use cases.
Given the above considerations, it is proposed that:
Proposal 1: 
· Basic procedures should be studied to trigger and disable contention based access for certain groups or all UEs.
· [bookmark: OLE_LINK3][bookmark: OLE_LINK4]The network or a single TRP should be able to adjust the resources allocated for CB access according to the fluctuation of the traffic and the user density.
2.2			Switching between CB access and schedule based transmission
In some circumstances, the CB access for a certain UE may face low performance with reasons like constant collision, strong inter-cell interference, and low link budget due to mobility or even inaccurate UL synchronization. In this case switching from CB mode to traditional schedule based access should be considered to guarantee the QoS performance. The switching request may be initiated by both UE side and TRP side.
When constant collision or congestion happens, the TRP may not be fully aware of the degrading performance of certain CB UEs due to missed detection. This prevents the new radio network from providing service with decent QoS. Therefore it is proposed to introduce switching procedure initiated by UE to alert TRP to fall back to schedule mode. Furthermore, it is also beneficial to support switching between CB transmission and scheduled based transmission in order to adequately consider the variable incoming data packet size. The contention based transmission is more efficient for small packet UL transmission in terms of lower overhead and lower latency. While for medium to large incoming packets, due to limited flexibility in terms of link adaptation and power control, it is less efficient to use fully contention based transmission for such packets. UE can use contention based transmission at the beginning and then switch to schedule based transmission.
On the other hand, TRP can also proactively switch UE from CB mode to schedule based transmission in the case that e.g. service quality metrics like latency are very sensitive to occasional collisions. To pursue low latency, the procedure of timely switching from CB to schedule based transmission could be considered, e.g. if the TRP detects a preamble, which is related to a CB resource allocation [2], but is unable to decode the data because of a collision. Then it can proactively send schedule grant (e.g. as part of the Random Access Response) to trigger the UE sending the payload again in scheduled mode. The TRP initiated switching procedure may require the UE to monitor certain DL control channels.
Meanwhile, for scenarios like mMTC, the main focus is to accommodate large user number capacity with acceptable performance and control overhead, which leads to the prioritization to maintain CB mode as long as the overall KPI meets the QoS requirement. 
[bookmark: _GoBack]Based on the above discussion, it is proposed that:
Proposal 2:
The principles and procedures on switching between CB access and scheduled based access should be studied.
· Switching between CB access and scheduled based access may be initiated by both the UE and the TRP.
· Switching may be carried out e.g. according to QoS parameters like latency, user density, and the incoming packet size
2.3			Link adaptation related procedure
The flexibility of link adaptation for CB access is limited by its own nature of saving control overhead and reducing latency. The link adaptation for CB can be done by means of MCS selection, codeword number selection, power control, and so on.
Since for CB transmission MCS level cannot be indicated as dynamically as for scheduled based transmission, there are two options to start with:
- Single MCS level could be configured by TRP together with the resource allocation procedure as discussed in Sec 2.1. Sub-sets of CB resources with different fixed MCS levels may be configured. This eases the processing burden at TRP receiver and is suitable for certain scenarios, e.g. mMTC with fixed packet format not requiring low latency but conservative MCS level to ensure the coverage reliability.
- As an extension, the MCS level could be selected by UE within a certain configured set. This more flexible option requires either additional signalling between UE and TRP, or blind decoding at the TRP.
- The link adaptation can be also achieved by allowing the UE autonomously select a certain number of codewords (e.g., up to two) for transmission. The way of codeword number and MCS level indication shall be further studied. 
As outlined by the agreements from the previous meeting, our views on different options are:
- Closed-loop power control. For Multiple Access (MA) schemes requiring precise power allocation and sensitive to power imbalance, this option should be studied to pursue equal average SNR between UEs, or sufficient power diversity, which depends on the MA scheme. The trade-off between the extra complexity / overhead and benefits should also be taken into account.
- Realistic open-loop power control with certain path loss compensation parameters. In general, this simplest solution applies to schemes that are not so sensitive to the power imbalance between UEs. Also for services that require low latency in the case of low load on CB resources, this option exhibits least signalling overhead.
- Besides, for power domain MA schemes, the applicable power control solution may also depend on the required super-positioned codeword number.
In summary, our proposals on link adaptation related procedures are -:
Proposal 3: It should be studied on how to apply link adaptation for CB access, including MCS assigning, codeword selection, power control and etc.
2.4			Retransmission and repetition related procedures
Packet errors on CB resources (e.g. due to collisions or insufficient link adaptation) may need an efficient retransmission procedure. As an alternative or extension, also an autonomous repetition scheme may be possible, i.e. UEs transmit replica of the data packet on a predefined or random time/frequency pattern. The related procedures have to consider the characteristics of CB access:
- HARQ re-transmissions should be designed to maximize diversity (e.g., interferer, frequency) to improve the probability of successful decoding.
- Potential time offsets between UEs transmitting during retransmission on CB UL resources. 
- Time/frequency resource pattern used by first transmission and followed retransmissions. A know pattern might be considered for HARQ retransmission.
- Need for low latency for URLLC. Autonomous repetitions of the data packet in UL until reception of an acknowledgement should be considered.
- Need for minimal signalling and energy efficiency for mMTC. 
- Need to control the collision probability on CB resources to maintain the system stability. The TRP may configure variable back-off times between transmission attempts depending on the service.
- If combined with a MA scheme, the retransmission/repetition procedures may depend on the characteristics of the MA scheme, i.e. interleaver pattern, code sequences, etc.

This leads to

Proposal 4: Procedures for retransmission and repetition schemes for CB access shall be studied. In particular
· Characteristics of different service and device types should be considered
· Means for adjustment of the procedures depending on traffic load and service mix may be required
· Procedures should be tailored to the characteristics of the underlying MA scheme.
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]3	Conclusions
[bookmark: OLE_LINK43][bookmark: OLE_LINK44][bookmark: OLE_LINK34][bookmark: OLE_LINK35]We have the following proposals on contention based access design for NR –
Proposal 1: 
· Basic procedures should be studied to trigger and disable contention based access for certain groups or all UEs.
· The network or a single TRP should be able to adjust the resources allocated for CB access according to the fluctuation of the traffic and the user density.
Proposal 2:
The principles and procedures on switching between CB access and scheduled based access should be studied.
· Switching between CB access and scheduled based access may be initiated by both the UE and the TRP.
· Switching may be carried out e.g. according to QoS parameters like latency, user density, and the incoming packet size
Proposal 3: It should be studied on how to apply link adaptation for CB access, including MCS assigning, codeword selection, power control and etc.
Proposal 4: Procedures for retransmission and repetition schemes for CB access shall be studied. In particular
· Characteristics of different service and device types should be considered
· Means for adjustment of the procedures depending on traffic load and service mix may be required
· Procedures should be tailored to the characteristics of the underlying MA scheme.
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